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ABSTRACT
T h is  D i s s e r t a t i o n  d e s c r ib e s  t h e  r e a c t io n s  o f  
v a r io u s  s u b s t i t u t e d  e p o x id e s ,  c y c l i c ,  u n s a tu r a te d  k e to n e s ,  
and c y a n o - s u b s t i t u t e d  e t h y le n e s  w ith  a number o f  n o b le  
m e ta l s u b s t r a t e s .  A number o f  new co m p lex es h ave  b e e n  p r e ­
p a r e d  and c h a r a c t e r iz e d  and t h e  c o o r d in a t in g  a b i l i t i e s  o f  
t h e s e  compounds h a v e  b e e n  n o t e d .
R e a c t io n s  o f  t e t r a c y a n o e t h y le n e  o x id e  w ith  c o o r -  
d i n a t i v e l y  u n s a tu r a te d  P t(P h ^ P )2 and MX(CO)(Ph^P)2 =
X = C l ,  B r i M = Rh; X = C l]  y i e l d  s t a b l e  w e l l  c h a r a c t e r iz e d  
1 : 1  c o m p le x e s . T h ese  co m p lex es  r e s u l t  from  n u c l e o p h i l i c  
a t t a c k  o f  t h e  m e ta l atom  on one o f  t h e  r in g  c a rb o n s  o f  t h e  
e p o x id e  r in g  c a u s in g  t h e  c le a v a g e  o f  th e  bond b e tw e en  t h a t  
ca rb o n  and t h e  o xygen  atom . The m e ta l atom th e n  i s  in c lu d e d  
i n  t h e  f i n a l  r in g  by a tta c h m e n t o f  th e  g e n e r a te d  
a lk o x id e  t o  t h e  m e ta l s a t u r a t i n g  i t s  c o o r d in a t io n  r e q u ir e ­
m en t. The r e s u l t a n t  m e ir a llo c y c le s  a r e  s t a b l e  w e l l  c h a r a c t ­
e r iz e d  com p lexes. The co m p lex es IrH (C O )(P h^P )^ , IrH {C 0)2 ~ 
(Ph3P ) 2 . [ l r ( d i p h o s ) 2 ] C l ,  RhCK Ph^P)^, N i(C O )2 (Ph3P ) 2 , and 
PdtPh^P)^ r e a c te d  b u t d id  n o t  form  w e l l  c h a r a c t e r iz e d  p r o d u c ts .
t r a n s - 1 - C y a n o - l , 2 - d ip h e n y lo x ir a n e  and t r a n s -  
s t i l b e n e  o x id e  w ere  a llo w e d  t o  r e a c t  w ith  P ttP h ^ P )^  t o  g iv e  
p r o d u c ts  w h ich  w ere  d e s c r ib e d  a s £ p t (P h 3P )2 ] 2 ( o x i r a n e ) . No 
r e a c t i o n s  w ere o b se r v e d  t o  o c c u r  b e tw een  t h e s e  s u b s t i t u t e d  
o x ir a n e s  and Ir C l(C O )(P h 3P ) 2 o r  PdCPh^P)^.
x v i i
D ip h e n y lc y c lo p r o p e n o n e  was fou n d  to  r e a c t  w ith  
P t(P h ^ P )2 t o  g i v e  t h e  w e l l  c h a r a c t e r iz e d  p r o d u ct P ttP h ^ P jg -  
( d ip h e n y lc y c lo p r o p e n o n e ) . T h is  com plex i s  a l s o  t h e  p r o d u c t  
o f  a  m e ta l i n s e r t i o n  i n t o  a s m a ll  r in g ' compound. The 
p la t in u m  atom  i n s e r t s  i n t o  one o f  t h e  c a r b o n -c a r b o n  s i n g l e  
bonds fo rm in g  a m e ta l lo c y c lo b u te n o n e  w ith  th e  c a r b o n y l  
f u n c t io n  and t h e  d o u b le  bond i n t a c t  i n  t h e  r in g .  The 
r e a c t io n s  o f  [ l r ( d i p h o s ) 2 ]C l and Pd(Ph^P)^ w ith  d ip h e n y l­
c y c lo p r o p e n o n e  g a v e  e v id e n c e  o f  fo rm in g  1 : 1  co m p lex es b u t  
d id  n o t  a f f o r d  w e l l  c h a r a c t e r iz e d  c o m p le x e s . D ip h e n y lc y c lo ­
p rop en on e f a i l e d  t o  r e a c t  w ith  IrH (CO )(Ph^P)^# IrH (C 0 )2 ~ 
(P h^P )2> and IrC l(C O )(P h ^ P )2 * O th er  s a t u r a t e d  k e to n e  
s u b s t i t u t e d  r in g s  w h ich  showed no r e a c t i o n  w ith  P t(P h ^ P )^  
w ere  t e t r a p h e n y lc y c lo p e n t a d ie n o n e ,  2 ,5 - d im e th y l - 3 » ^ - d ip h e n y l -  
c y c lo p e n ta d ie n o n e , c y c lo h e p t a t r ie n o n e ,  and N - a c e t y ld ip h e n y l -  
c y c lo p r o p e n o x im e .
The r e a c t io n s  o f  t h r e e  d ia m in o d ic y a n o e th y le n e s  
w ith  v a r io u s  m e ta l s u b s t r a t e s  r e v e a le d  t h a t  th e  o l e f i n s  
r e a c t  o n ly  w ith  t h e  m ost r e a c t i v e  m e ta l c o m p le x e s . The . 
r e a c t io n  o f  P t(C 2H ^)(P h^ P )2 w ith  l , l - d i a m i n o - 2 ,2  d ic y a n o -  
e th y le n e  r e s u l t e d  i n  a 1 : 1  co m p lex . RhCl(Ph^P)^ r e a c t s  
w ith  t h i s  l ig a n d  b u t d o e s  n o t  a f f o r d  a  w e l l  c h a r a c t e r iz e d  
p r o d u c t . No r e a c t i o n  was o b se r v e d  b e tw een  MX(CO)(Ph^P)2 
[M = I r j  X = C l ,  Ft M = Rh; X = C l]  and l , l - d i a m i n o - 2 , 2 -  
d ic y a n o e t h y le n e .  P t(P h ^ P )^  r e a c t s  w it h  d ia m in o m a le o n itr i le  
t o  form  a 1 :1  co m p lex . The com p lex  RhCl(Ph^P)^ r e a c t s  w ith
x v i i i
d ia m in o m a le o n itr i le  b u t no w e l l  c h a r a c t e r iz e d  p r o d u c t  i s  
i s o l a t e d .  D ia m in o m a le o n itr i le  f a i l e d  to  r e a c t  w ith  IrX(CO)-  
fch^P)2 [M = I r s  X = Cl ,  B r, I :  M = Rh; X = C l ]  and IrH (C O )- 
(P h^P )^. R e a c t io n  o c c u r r e d  b e tw een  RhCl(Ph^P)^ and 1 , 1 -  
b is (d im e th y la m in o ) - 2 , 2 -d ic y a n o e th y le n e  b u t no w e l l  c h a r a c t e r ­
i z e d  p r o d u c t  was i s o l a t e d .  No r e a c t io n  was o b ser v ed  w ith
1 ,1 - b is ( d im e t h y la m in o ) - 2 , 2 -d ic y a n o e th y le n e  and P tfC gH ^ }- 
(P h^P )2 or  IrC l(C O )(P h 3P ) 2
T e tr a c y a n o e th y le n e  r e a c t s  w ith  I r ( NO) ( P h ^ P ) 3 to  
g iv e  a w e l l  c h a r a c t e r iz e d  1 : 1  p r o d u c t , Ir(N O ) (Ph^P^TCNE) .
The r e a c t io n  o f  t e t r a c y a n o e t h y le n e  w ith  Ir ( NO) (CO) (Ph^Pj g  
y ie ld e d  two p r o d u c ts  w h ich  a r e  d e s c r ib e d  a s  1 :1  and 2 :1  
l ig a n d  t o  m e ta l r e a c t i o n  p r o d u c t s .  The com p lexes  
[ lr H (N 0 ) (P h 3P ) 3]C10^ and [irC l(N O ) (CO) ( P h . j P ) r e a c t e d  
wt-h t e t r a c y a n o e t h y le n e  b u t d id  n o t  a f f o r d  w e l l  c h a r a c t e r i ­
zed  p r o d u c t s ,  T e tr a c y a n o e th y le n e  f a i l e d  t o  r e a c t  w ith  
I r C l 2 ( N 0 ) ( P h 3P ) O t h e r  a c t i v a t e d  o l e f i n s  w h ich  d id  n o t  
r e a c t  w ith  th e  i r i d i u m - n i t r o s y l  com p lexes I r ( NO) ( CO) ( Ph3P ) 2 
and I r ( N O ) ( P h - P ) „ w ere f u m a r o n i t r i le  and c in n a m o n ! t r i le .
I .  INTRODUCTION -  METAL-EPOXIDE COMPLEXES
A. Review o f  M etal Com plex-Epoxide R e a c tio n s
R e a c t io n s  o f  epox ides w i th  low o x id a t io n  s t a t e  
n o b le  m e ta l  complexes have h e r e t o f o r e  been  s tu d i e d  v e ry  
l i t t l e .  However, t h e r e  a r e  s e v e r a l  r e p o r t s  i n  t h e  
l i t e r a t u r e  d e a l in g  w i th  r e a c t i o n s  o f  o th e r  m e ta l  complexes 
r e a c t i n g  w i th  e p o x id e s .  C a t a l y t i c  p r o c e s s e s ,  w ith  t h e  
emphasis b e in g  on t h e  n a t u r e  o f  t h e  t r a n s fo rm e d  o rg a n ic  
m o ie t ie s  i n s t e a d  o f  t h e  m e ta l  co m p lex -ep o x id e  i n t e r m e d ia t e s ,  
have been  t h e  s u b j e c t  o f  s e v e r a l  s t u d i e s .
D i r e c t  oxygen a d d i t i o n  to  e th y le n e  o x id e  was 
r e p o r te d  t o  t a k e  p l a c e  o v er  a  m e t a l l i c  s i l v e r  c a t a l y s t  
w hich in v o lv e d  a d s o r p t io n  o f  oxygen on t h e  m e ta l  s u r f a c e  
and t r a n s f e r  o f  t h e  oxygen t o  t h e  e th y le n e  m o lecu le  th ro u g h  
a  p o s s i b l e  s i l v e r  o x id e - e th y le n e  l in k a g e  t o  s i l v e r - e t h y l e n e
o x id e  l i n k a g e . 1 O th e r  r e s e a r c h e r s  have c o n t r i b u t e d  to  t h i s
„ . , 2 -1 0  a r e a  o f  s tu d y .
Zinc was u se d  to  re d u c e  e th y le n e  o x id e s  b e f o r e  th e
ad v en t o f  complex m e ta l  h y d r id e s .  T his  r e d u c t io n  r e q u i r e d
t h e  i n t e r a c t i o n  o f  e th y le n e  o x id e  w ith  t h e  m e ta l  fo rm ing
some s o r t  o f  s h o r t  l i v e d  in t e r m e d ia t e  co m b in a t io n  o f  t h e  
IX X 6two r e a c t a n t s .  " A lso  b e f o r e  t h e  i n t r o d u c t i o n  o f  
complex m e ta l  h y d r id e s ,  t h e  most commonly u se d  method f o r  
r e d u c in g  e th y le n e  o x id e s  was c a t a l y t i c  h y d ro g e n a t io n .  There 
w ere e s s e n t i a l l y  o n ly  t h r e e  c a t a l y s t s  f o r  t h e  h y d ro g e n a t io n
2o f  e t h y l e n e  o x i d e s j n i c k e l ,  p a l la d iu m  on c h a r c o a l  and
p la t in u m  "black. S e v e r a l  e x c e l l e n t  r e v ie w s  d i s c u s s e d  t h e
17-19i n t e r a c t i o n  o f  m e ta l  and e t h y le n e  o x id e .  E th y le n e
o x id e s  h av e  a l s o  been  r e d u c e d  by t h e  u s e  o f  chromous
2 0 - 2 2c h l o r i d e  and  chromous a c e t a t e .
S e v e r a l  o f  t h e  few exam ples o f  c o n t r o l l e d
o x i d a t i o n  o f  e t h y le n e  o x id e s  in v o lv e  t r a n s i t i o n  m e t a l s .
2h 2*1-27The u s e s  o f  p l a t in u m  b la c k ,  ch rom ic  a c i d ,  J 1 s i l v e r
28 29p e r c h l o r a t e  o r  n i t r a t e ,  and ru th e n iu m  t e t r o x i d e  y t o
o x i d i z e  e p o x id e s  have  b e e n  d e s c r i b e d .  The r e a c t i o n s  o f
c e r t a i n  m e ta l  s a l t s  w i th  e p o x id e s  w ere  i n v e s t i g a t e d  .
i n c l u d i n g  t h e  r e a c t i o n  o f  f e r r i c  c h l o r i d e  w i th  e p o x i d e s . 3 ° “ 33 
Eisenmarm p o s t u l a t e d  i n  1962  t h a t  t h e  c o o r d i n a t i o n
o f  p r o p y le n e  o x id e  t o  t h e  c o b a l t  was in v o lv e d  i n  t h e
i s o m e r i z a t i o n  o f  e p o x id e s  by  d i c o b a l t  o c t a c a r b o n y l .
M u l le r  and  M u l le r  a l lo w e d  e t h y le n e  o x id e  t o  r e a c t  w i t h
c o b a l t  compounds v e ry  s i m i l a r  to  v i t a m in  B^2 and i s o l a t e d
a  d e r i v a t i v e .  The e t h y le n e  o x id e  was bound t o  t h e  c o b a l t
b u t  t h e  r i n g  had  b ee n  o pened , eq. 1 . ^ H e c k , in  a  s i m i l a r
C o b a l t - H y d r id e  + > 1 /-^jo-CHgCHgOH ( 1 )
s tu d y  a l lo w e d  e th y le n e  o x id e  to  r e a c t  w i th  h y d r i d o t e t r a -  
c a r b o n y l c o b a l t ( I )  i n  e t h e r  a t  0°C and i s o l a t e d  a  s i m i l a r  
compound, (COi^Co-CHgCHgOH. ^  T h is  compound was t r e a t e d  
w i th  c a rb o n  monoxide to  g iv e  c a rb o n y l  i n s e r t i o n  i n t o  t h e
c o b a l t - c a r b o n  bond. A d d i t io n  o f  t r ip h e n y lp h o s p h in e  y ie ld e d  
an i s o l a b l e  p r o d u c t ,  I .  This work was done i n  an  a t te m p t
<Ph3PHco)30J - c „ 2c„2o„
I
to  e l u c i d a t e  t h e  mechanism o f  t h e  r e a c t i o n  o f  e th y le n e
o x id e  w i th  ca rb o n  monoxide and m ethano l w h e re in ,  i n  t h e
p r e s e n c e  o f  sodium t e t r a c a r b o n y l c o b a l t a t e ( - I )  a t  65°C and
2000 p s i ,  /3-hydroxy a c id  e s t e r s  w ere formed. S c h ra u z e r  and
W indgassen  r e p o r t e d  t h e  r e a c t i o n  o f  p y r i d i n e b i s ( d i m e t h y l -
g ly o x im a to ) c o b a l t ( I )  w i th  e th y le n e  o x id e  i n  t h e  p r e s e n c e  o f
37w a te r  to  g iv e  an  an a lo g o u s  compound. ' This compound i s  a 
v e ry  good model f o r  v i t a m in  J e n se n ,  Madan and Buchanan
r e p o r t e d  t h a t  t h e  same r e a c t i o n  p ro c e e d s  w i th  i n v e r s i o n  o f  
c o n f i g u r a t i o n  a t  c a rb o n , e s t a b l i s h i n g  t h e  S^2 n a tu r e  o f  t h e
OQ
p r o c e s s .  Dowd and Kang, in . r e p o r t i n g  th e  u s e  o f  d i c o b a l t
o c ta c a rb o n y l  a s  a s t e r e o s p e c i f i c  d e o x y g e n a t io n  ag en t f o r
e p o x y - e s te r s ,  s u g g e s t  t h a t  an i n t e r m e d ia t e  c o b a l t  h e t e r o -
39c y c le ,  I I ,  i s  formed i n  t h e  r e a c t i o n .
4S tro h m e ie r  and Hartman r e p o r t e d  t h a t  m onoepoxides
w e re -p o ly m e riz ed  i n  good y i e l d s  by u l t r a v i o l e t  i r r a d i a t i o n
■^0i n  t h e  p r e s e n c e  o f  Mn2 (C0)1 0 . A l le n ,  B ruce , and H u tc h in so n  
r e p o r t e d  t h e  s y n t h e s i s  o f  d im e th y l-a n d  d ip h e n y l - z in c
JL^ l
e t h e r a t e s .  S i m i l a r  z in c  com plexes may be p r e s e n t  i n  th e
p o ly m e r i z a t io n  o f  e p o x id e s .  The p r o to n  m ag n e tic  r e s o n a n c e
s p e c t r a  o f  benzene  s o l u t i o n s  o f  t h e  d i a r y l z i n c - e t h y l e n e
o x id e  com plexes were m easured  and gave e v id en c e  f o r  a  1 : 2
m o la r  r a t i o  o f  d ip h e n y lz in c  to  e th y le n e  o x id e .
A s t e r e o s p e c i f i c  r e d u c t io n  o f  ep o x id es  w i th
sodium f c y d o p e n t a d i e n y l ) d i c a r b o n y l f e r r a t e ( I I )  was r e p o r t e d
il>2by G ie r in g ,  Rosenblum, and T ancrede . T h is  r e a c t i o n  i s  a 
new r o u te  t o  c a t i o n i c  i r o n - o l e f i n  com plexes, eq. 2 and 3 *
Cp p T :0 Fp- / ( 2 )
Pp = (Tr-G5H5 )Fe(C0 ) 2
H
Fp- I H+
[ F p - | | ] +
“ OH
(3)
T rea tm en t o f  t h e  ep o x id e  a t  am bien t te m p e ra tu r e  w i th  t e t r a -  
h y d ro fu ra n  s o l u t i o n s  o f  t h e  i r o n  complex r e s u l t s  i n  t h e  
r a p id  c o n v e rs io n  t o  t h e  a l k o x i d e s . A d d i t io n  o f  two 
e q u i v a l e n t s  o f  f l u o r o b o r i c  o r  h e x a f lu o ro p h o s p h o r ic  a c i d  t o
5t h e  r e a c t i o n  s o l u t i o n  c o n c e r te d  th e  a lk o x id e  t o  th e  o l e f i n  
complex, w hich  may be p r e c i p i t a t e d  w ith  e t h e r .
L ith iu m  d io r g a n o c u p e r a te s ( I )  have been  u sed  as  
r e a g e n ts  f o r  t h e  n u c l e o p h i l i c  r i n g  open ing  o f  o x i r a n e s  i n  
th e  t r a n s  m anner. Johnson , H err ,  and W ieland r e p o r t e d  t h a t  
t h e s e  r e a g e n t s  co u ld  s e l e c t i v e l y  open o x i r a n e  r i n g s  i n  t h e
if, 3
p r e s e n c e  o f  u n p r o te c te d  c a rb o n y l  f u n c t io n s ,  eq. 4-.
0
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D u rin g  t h e  c o u r s e  o f  t h e  work d e s c r ib e d  i n  t h e  
f i r s t  s e c t i o n  o f  t h i s  D i s s e r t a t i o n ,  M i l s t e i n ,  Buchman, and 
Blum r e p o r t e d  t h e  homogeneous i s o m e r i z a t i o n  o f  a r y l -  
s u b s t i t u t e d  ep o x id es  c a ta ly z e d  by s e v e r a l  n o b le  m e ta l  
com plexes. Thus, t r a n s - s t i l b e n e  o x id e  was c o n v e r te d  
p r i m a r i l y  i n t o  d eso x y b en zo in , eq. 5» t y  RhX(Ph^P)^ Qx = C l,  
Br] and RhCl(CO)(Ph^P)^. The r e a c t i o n s  were c a r r i e d  o u t  a t
/  N. c a t a l y s t  h
Ph_^' ^ _Ph -------------^  Ph-C-CH^Ph (5 )
210°C u n d e r  an  i n e r t  a tm osphere . P o s s i b l e  mechanisms were 
n o t  d i s c u s s e d ,  n o r  were any in t e r m e d ia t e  m e ta l  complexes 
i s o l a t e d .
A lso  d u r in g  t h e  c o u rse  o f  t h i s  i n v e s t i g a t i o n  
d e s c r ib e d  h e r e i n ,  L en a rd a , G razia .n i, and B e l lu c o  r e p o r t e d
t h e  c a rb o n -c a rb o n  bond r u p tu r e  i n  1 , 1 , 2 , 2 - t e t r a c y a n o c y c lo -
k t
p ro p a n e  and t e t r a c y a n o e th y l e n e  o x id e .  ^ A l a t e r  r e p o r t  by 
S c h lo d d e r ,  I b e r s ,  L enarda , and G ra z ia n i  d e t a i l e d  an X -ray
i+6c r y s t a l l o g r a p h i c  s tu d y  on a  c r y s t a l  o f  P t{Ph^A s) (C^Nj^G) 2 . 
S in c e  th e  r e a c t i o n  o f  p la t in u m  p h o sp h in e  com plexes w i th  
v a r io u s  ep o x id es  i s  in c lu d e d  i n  t h e  r e s e a rc h  d e s c r ib e d  i n  
t h i s  D i s s e r t a t i o n ,  f u r t h e r  comment on t h e s e  r e a c t i o n s  w i l l  
be  h e ld  u n t i l  t h i s  t o p i c  i s  c o n s id e re d  i n  t h e  a p p r o p r i a t e  
D is c u s s io n  s e c t i o n  o f  t h i s  work.
The o b j e c t i v e  o f  t h e  work d e s c r ib e d  i n  t h e  f i r s t  
p a r t  o f  t h i s  D i s s e r t a t i o n  was t h e  p r e p a r a t i o n  and c h a r a c t e r ­
i z a t i o n  o f  com plexes o f  a c t i v a t e d  e th y le n e  o x id e s  w i th  
t r a n s i t i o n  m e ta l s .  An u n d e r s ta n d in g  o f  t h e  r e a c t i v i t y  o f  a 
v a r i e t y  o f  epox ides  w i th  t h e s e  low v a l e n t  t r a n s i t i o n  m e ta ls  
and an u n d e r s ta n d in g  o f  t h e  mechanism o f  t h e  r e a c t i o n s  were 
a l s o  g o a l s  o f  t h e  work. The number o f  c a t a l y t i c  p ro c e s s e s  
m en tioned  i n  t h i s  b r i e f  su rv e y  w hich in v o lv e  i n t e r a c t i o n  
be tw een  e th y le n e  o x id e s  and t r a n s i t i o n  m e ta ls  o r  complexes 
p ro v id e  a  s t r o n g  need  to  u n i e r s t a n d  more f u l l y  t h e  n a t u r e  o f  
t h i s  c h e m is t ry .
B. C h em is try  o f  Epoxides
I n  1859 t h e  F ren ch  c h e m is t  W urtz announced t h e  
i s o l a t i o n  o f  a new s u b s ta n c e  is o m e r ic  w ith  a c e ta ld e h y d e
ij-7
w hich he c a l l e d  e th y le n e  o x id e .  T h is  d i s c o v e r y  opened 
t h e  d oo r  t o  a new and im p o r ta n t  segm ent o f  o rg a n ic
c h e m is t ry .  E th y le n e  o x id e  i s  t h e  s im p le s t  member o f  a 
c l a s s  o f  compounds named ’’o x i r a n e s "  b u t  o f t e n  r e f e r r e d
t o  a s  e p o x id e s .  Epoxides have been  th e  s u b je c t  o f  s e v e r a l
4 9 -5 3  r e v ie w s .  y
The p h y s i c a l  p r o p e r t i e s  o f  ep o x id es  a r e  d e t e r ­
mined i n  t h e  main by t h e  s u b s t i t u e n t s  on t h e  ca rbon  atoms 
o f  t h e  o x i r a n e  r i n g .  For example, t h e  b o i l i n g  p o i n t  o f  
e th y le n e  o x id e  i s  10.5°C w hereas  w i th  t h e  s u b s t i t u t i o n  o f  
one m ethy l group on t h e  r i n g ,  as  i n  p ro p ly e n e  o x id e ,  t h e  
b o i l i n g  p o i n t  i s  r a i s e d  t o  35°C. With t h e  s u b s t i t u t i o n  o f  
two p h e n y l  g roups  on t h e  r i n g ,  t h e  compound, s t i l b e n e  ox ide  
i s  a  s o l i d  a t  room te m p e ra tu r e .
The i n t e r a to m i c  d i s t a n c e s  and a n g le s  i n  t h e  
o x i r a n e  r i n g  have been  shown t o  v a ry  v e ry  l i t t l e  w i th  
r e s p e c t  to  t h e  s u b s t i t u e n t s  on th e  ca rb o n  atoms o f  t h e  r i n g  
The d i s t a n c e s  and a n g le s  o f  e th y le n e  o x id e  have  been
r e p o r t e d  t o  be v e ry  c l o s e  to  th o s e  f o r  t e t r a c y a n o e th y l e n e
. . 60 o x id e .
a = 6 l ° 2 5  R  a = 63 -^ °
P  = 59 °18  /3 = 5 8 . 3 °
C - 0  = 1 . 4 4  °A m  \  C—0  = 1 . 4 2  \
C -C  = 1 . 1 , 7 * '  N0T  V " CN C -C  =  1 .< * 9 ”A
The v a s t  m a jo r i t y  o f  epoxide r e a c t i o n s  in v o lv e  
t h e  o p en in g  o f  t h e  epox ide  r i n g  and t h e  a d d i t i o n  o f  a  
m o le c u le  o f  r e a g e n t . ^ 1  Due t o  t h e  huge body o f  l i t e r a t u r e  
w hich t h e  r e a c t i o n s  o f  ep o x id es  c o n s t i t u t e ,  on ly  a  few
r e p r e s e n t a t i v e  r e a c t i o n s  w i l l  "be m entioned  h e re .
R e a c t io n  o f  e th y le n e  o x id e  w i th  m e ta ls  i s  th e
o l d e s t  p ro c e s s  f o r  chang ing  t h e  epoxide to  e th a n o l .  Wurtz
6 2t r e a t e d  th e  epox ide  w i th  sodium amalgam i n  w a te r .
C a t a l y t i c  h y d ro g e n a t io n  was t h e  most commonly u se d  r e a c t i o n  
f o r  th e  r e d u c t io n  o f  ep o x id es  u s in g  n i c k e l ,  p a l la d iu m , and 
p la t in u m  "black as c a t a l y s t s .  However, c a t a l y s t  and r e a c t i o n  
c o n d i t i o n  d e te rm in e  t h e  p ro d u c ts  o b ta in e d .  R ed u c tio n  o f
1 , 2 -e p o x y -3 -b u te n e  o v e r  Raney n i c k e l  a t  76°C g iv e s  1 - b u ta n o l ,  
w hereas p a l la d iu m  on c h a r c o a l  m ere ly  ca u ses  r e d u c t io n  o f
gO
th e  d o u b le  bond and i s o m e r i z a t i o n  to  n -b u ty ra ld e h y d e .
The d i s c o v e r y  o f  complex m e ta l  h y d r id e s  as r e d u c t i v e  a g e n ts  
f o r  ep o x id es  showed p re v io u s  methods to  be  l e s s  d e s i r a b l e ,  
b e c a u se  o f  t h e  g e n t l e n e s s  and d i r e c t i o n a l  s e l e c t i v i t y  o f  th e  
complex h y d r id e s .  Trevoy and Brown found t h a t  t h e  r e a c t i o n  
o f  ep o x id es  w i th  l i t h i u m  aluminum h y d r id e  fo llo w ed  th e  
c l a s s i c a l  mode, eq. 6 .
;— 0 AlLi+ LiAlHi
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T here  have  been  s u p r i s i n g l y  few r e a c t i o n s  in v o lv in g  
c o n t r o l l e d  o x id a t io n  o f  e th y le n e  o x id e s .  An i n t e r e s t i n g
example was r e p o r t e d  i n  1879 by R i c h t e r  which d e t a i l e d  th e  
c o n v e rs io n  o f  e p ic h lo r o h y d r in  and ep ib rom ohydrin  i n t o  t h e  
c o r r e s p o n d in g  a -h ydroxy  a c id  w i th  c o n c e n t r a t e d  n i t r i c  a c id  
a t  100°C . 65
E th y le n e  o x id e s  have lo n g  been  known t o  is o m e r iz e
to  c a rb o n y l  compounds. Wurtz r e p o r t e d  t h a t  e th y le n e  o x id e
was r e l a t e d  to  a c e t  a l d e h y d e ^  and l a t e r  I p a t i e f f  and
L e o n to v i tc h  r e p o r t e d  t h a t  p a s s in g  e th y le n e  o x id e  o v e r
a lu m in a  a t  200-300°C o r  a t  w i th o u t  t h e  c a t a l y s t ,
67p roduced  a c e ta ld e h y d e .  I s o m e r i z a t i o n  c a ta ly z e d  by a c id  
and b a s e  a l s o  c o n s t i t u t e  many r e p o r t e d  r e a c t i o n s  c o n c e rn in g  
e p o x id e s . ^
N u c le o p h i l i c  a t t a c k  on ep o x id es  h a s  shown t h e s e  
t h r e e  membered r i n g s  to  be  one o f  t h e  most r e a c t i v e  c l a s s e s  
o f  o rg a n ic  compounds due to  r e l i e f  o f  th e  s t r a i n  i n  t h e  
op en in g  o f  t h e  r i n g . ^ 1 H y droxy lic  n u c l e o p h i l e s ,  ammonia 
and amine n u c l e o p h i l e s ,  s u l f u r - c o n t a i n i n g  n u c l e o p h i l e s ,  
m in e ra l  and o rg a n ic  a c id s  as  n u c l e o p h i l e s ,  o rg an o -  
magnesium, -sod ium , and - l i t h i u m  n u c l e o p h i l e s ,  G rig n a rd  
n u c l e o p h i l e s ,  c a rb a n io n  n u c l e o p h i l e s ,  and o t h e r s  have been  
r e p o r t e d  and u t i l i z e d  f o r  many y e a r s . $3 The m a jo r i t y  o f  
t h e s e  r e a c t i o n s  r e s u l t  i n  r i n g  o p en in g  o f  t h e  ep o x id e  r i n g  
t o  y i e l d  an a c y c l i c  p r o d u c t .  However, t h e  r e a c t i o n  o f  a 
c a rb a n io n  such  as  d ie th y l s o d io m a lo n a te  w ith  e th y le n e  o x id e  
a t  am bien t te m p e ra tu r e  and i n  eq u im o la r  amounts r e s u l t e d  
i n  t h e  f o rm a t io n  o f  a - c a r b e th o x y b u ty r o la c to n e ,  as  r e p o r t e d  
by T raube and Lehmann i n  18991 eq. 7 .^ °  R e a c t io n  w i th
10
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ex c ess  e th y le n e  o x id e  gave f u r t h e r  c o n d e n s a t io n  and 
p ro d u ced  a  s p i r o l a c t o n e . ^  O th e r  r e a c t i o n s  which p ro d u ce  
c y c l i c  p r o d u c ts  i n c lu d e  th e  r e a c t i o n  o f  t e t r a c y a n o e th y l e n e  
o x id e  w ith  o l e f i n s ,  a c e t y l e n e s ,  and a r o m a t ic s ,  a l l  o f  which 
formed f i v e  membered r i n g s  a s  r e p o r t e d  by  Lynn and Benson 
i n  1 9 6 5 , eq. 8 .^ °  These exam ples showed g r a p h i c a l l y  th e  two
d i f f e r e n t  ways t h e  o x i r a n e  r i n g  c a n  b e  o p e n e d  w i t h  a  n u c l e o ­
p h i l e .  A n o t h e r  t y p e  o f  r e a c t i o n  o f  a n  e p o x id e  w i t h  a  n u c l e o -
71p h i l e  h a s  b e e n  r e p o r t e d  b y  L y n n , W e b s t e r ,  a n d  B e n so n .
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R e a c t io n  o f  t e t r a c y a n o e t h y l e n e  o x id e  w ith  aqueous p o ta s s iu m  
i o d id e  p ro d u ced  cyanogen io d id e  and t h e  t r i c y a n o v i n y l  
a l c o h o l a t e  io n ,  eq. 9* A no ther  r e a c t io n  w ith  t e r t i a r y
CN
»  ICN + 0—C=£-CN (9)
CN
n i t r o g e n  b a s e s  su c h  a s  p y r i d i n e  w i th  t e t r a c y a n o e th y l e n e  
o x id e  gave a  compound t h a t  c o n ta in s  one mole each o f  
p y r i d i n e  and d icyanom ethane , eq. 10. The o t h e r  p ro d u c t  was
th o u g h t  to  be c a rb o n y l  c y a n id e .  A v e ry  s i m i l a r  r e a c t i o n  i n  
w hich c a rb o n y l  c y a n id e  was i s o l a t e d  was t h e  r e a c t i o n  o f  
d i a l k y l  s u l f i d e s  w i th  t e t r a c y a n o e th y l e n e  o x id e ,  eq. 1 1 .
SR, r2s - c (cn) 2 + C0(CN>2 (11)
CN CN CN
A n o th e r  s i g n i f i c a n t  p o r t i o n  o f  t h e  ep o x id e  l i t e r a ­
t u r e  d e a ls  w i th  e l e c t r o p h i l i c  a d d i t i o n s  to  t h e  ep o x id e  r i n g .  
T hese r e a c t i o n s  y i e l d  e i t h e r  o p en -c h a in e d  o r  c y c l i c
compounds, t h e  d i s t i n c t i o n  a r i s i n g  o u t  o f  t h e  n a t u r e  o f  th e
53r e a c t a n t s  in v o lv e d ,  eq. 12. A ry l h a l i d e s ,  a c y l  h a l i d e s ,
( 1 2 )
a n h y d r id e s ,  s u l f e n y l c h l o r i d e s , n i t r o s y l  c h l o r i d e s  and 
d i n i t r o g e n  t e t r o x i d e ,  a l k y l d i c h l o r o -  and d i a l k y l c h l o r o -  
p h o s p h in e s ,  h a lo g e n s  and o th e r  h a lo g e n a t in g  a g e n ts ,  m e ta l  
h a l i d e  . s a l t s , and o t h e r  r e a g e n t s  r e a c t  w i th  th e  epox ide  
r i n g  and y i e l d  t h e  a c y c l i c  p ro d u c ts  w i th  a d d i t i o n  to  
oxygen and t h e  c a rb o n  atoms and w i th o u t  t h e  f r e e  hy d ro x y l 
g roups o f  t h e  c o n v e n t io n a l  n u c l e o p h i l i c  s u b s t i t u t i o n  
r e a c t i o n s . ^
w i th  ep o x id es  a r e  n o t  as  numerous as  th o s e  w hich p roduce  
a c y c l i c  p r o d u c t s .  Carbon d io x id e ,  ca rb o n  o x y s u l f id e ,  
carbon, d i s u l f i d e ,  o rg a n ic  i s o c y a n a te s ,  s u l f u r  t r i o x i d e  and 
s u l f u r  d io x id e ,  k e te n e s  and o th e r s  form t h e  h e t e r o c y c le s
p r e s e n c e  o f  a  c a t a l y s t  w i l l  undergo  d im e r i z a t i o n  to  form 
t h e  c y c l i c  1 ,^ - d io x a n .  A ldehydes and k e to n e s  condense  t o
E poxides have been  shown to  f ra g m en t upon exposure
R eagen ts  w hich y i e l d  c y c l i c  p r o d u c ts  on r e a c t i o n
73p r e d i c t e d  by t h e  e q u a t io n  above. J E th y le n e  o x id e s  i n  th e
53form t h e  c y c l i c  a c e t a l s  and k e t a l s  r e s p e c t i v e l y .  ^ Im ines 
and n i t r i l e s  a l s o  form  c y c l i c  p ro d u c ts  w i th  e p o x i d e s . ^
t o  u l t r a v i o l e t  l i g h t  to  form ca rb e n es  and a ld eh y d es  o r
r7lf,
k e to n e s  d ep en d in g  on th e  s u b s t i t u t i o n  o f  t h e  r i n g .
I n  summary, ep o x id es  a r e  r e a c t i v e  compounds t h a t  
undergo  a  v a r i e t y  o f  t r a n s f o r m a t io n s  w i th  numerous o rg a n ic  
r e a g e n t s .  U t i l i z a t i o n  o f  in o r g a n ic  r e a g e n t s ,  such as 
t r a n s i t i o n  m e ta l  s u b s t r a t e s ,  would seem t o  be o f  some 
fu n d am e n ta l  i n t e r e s t ;
I I .  EXPERIMENTAL: M eta l Complexes w i th  Epoxides
A. G enera l
1 . M a te r i a l s
L i t e r a t u r e  p r e p a r a t i o n s  were fo llo w ed  to  s y n th e ­
s i z e  t h e  f o l lo w in g  com plexes: IrX(CO) (Ph^P ) 2 [X = C l , 73
B r , 75  I , 75 F , 76] ,  IrH (CO )(Ph3P ) 3 , 77 IrH(CO)2 (Ph3P ) 2 , 78 
[ l r ( d i p h o s ) 2 ] C l , 79 Ir(NO) (CO) (Ph^P ) , - ^80 ir(NO) {Ph3P ) , 81 
[irH(NO) (Ph3P ) 3 ]]C10^ , 80 [ irC l(N O ) (CO) ( P ^ P ) 2]BF^ , 82 I rC lg -  
(NO)(Ph3P ) 2 , 81 RhCl(CO)(Ph3P ) 2 , 83 RhCl(Ph3P ) 3 , 8i1' P t (P h 3P )n 
[ n  = 3 , J+ ] * 85 Pt(CO)2(Ph3P ) 2 , 86  P t(C 2Hif) (P h 3P ) 2 , 87 Pd(Ph3P ) ^ 88
Ph3P ) 2 , was p u rc h a s e d  
from A l f a  I n o r g a n ic s ,  I n c .  and u se d  w i th o u t  f u r t h e r  
p u r i f i c a t i o n .
89T e tr a c y a n o e th y le n e  o x id e ,  t r a n s - 1 - c y a n o - l , 2-
90 91d ip h e n y lo x i r a n e ,  t e t r a p h e n y lc y c lo p e n ta d ie n o n e ,
922 , 5 - d im e t h y l - 3 , i( '-d ip h e n y le y c lo p e n ta d ie n o n e ,  N - a c e ty l -
9 3 9/4.c y c lo p ro p en o x im e , 1 , l - d i a m in o - 2 , 2 - d ic y a n o e th y le n e ,
9 if.
and 1 , 1 - b i s  (d im e t h y la m in o ) -2 , 2 -d icy a n o  e i i iy le n e  were
p r e p a r e d  by l i t e r a t u r e  m ethods.
T e t r a c y a n o e th y le n e ,  f u m a r o n i t r i l e ,  c i n n a m o n i t r i l e ,  
d im e th y la c e ty le n e  d i c a r b o x y la t e ,  t r a n s - s t i l b e n e  o x id e ,  
d i a m in o m a le o n i t r i l e ,  and c y c lo h e p ta t r i e n o n e  were p u rc h a s e d  
from A ld r i c h  Company and u se d  w i th o u t  f u r t h e r  p u r i f i c a t i o n .
2. I n s t r u m e n ta t io n
The n i c k e l  com plex, Ni(C0)J(
1^
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I n f r a r e d  s p e c t r a  were measured on a  P e rk in -E lm e r
6 2 1  g r a t i n g  i n f r a r e d  s p e c t r o p h o t o m e t e r  o v e r  t h e  *1-000-200
cm- 1  ran g e  w i th  cesium  io d id e  p l a t e s  f o r  s o l i d  m u lls  o f
N u jo l o r  h e x a c h lo ro h u ta d ie n e .  Benzene, ch lo ro fo rm , o r
d i c h l o r o m e t h a n e  s o l u t i o n s  w e re  m e a s u re d  i n  0 . 9  mm so d iu m
c h l o r i d e  c e l l s  o v e r  t h e  *1-000-600 cm- 1  ra n g e .  A b re v ia t io n s
u se d  to  d e s c r i b e  i n f r a r e d  band i n t e n s i t i e s  and w id th s  a r e :
s - s t r o n g j  v s - v e r y  s t r o n g ;  m-medium; w-weak; s p - s h a r p ;
b r - b r o a d ;  and s h - s h o u ld e r .  Band p o s i t i o n s  a r e  r e p o r te d  
-1m  cm
The p r o t o n  ranr s p e c t r a  w e re  m e a s u re d  i n  CDGl^ on  
a  V a r i a n  m o d e l  VA-60 s p e c t r o p h o t o m e t e r  a t  60 MHz.
M e lt in g  p o i n t s  were ta k e n  on a F is h e r - J o h n s  
M e l t in g  P o in t  A ppara tu s  and a r e  u n c o r r e c te d .
A H e w le t t -P a c k a rd  Model 302 Vapor P r e s s u r e  
Osmometer w i th  a  non-aqueous p ro b e  was u sed  t o  d e te rm in e  
m o le c u la r  w e ig h t s .  B e n z i l  s o l u t i o n s  from 0 .0 0 5 -0 .0 1 0  m 
c o n c e n t r a t io n s  were m easured  to  g iv e  a c a l i b r a t i o n  cu rv e  f o r  
ch lo ro fo rm  and dibrom om ethane.
E lem en ta l  A n a ly ses  were perform ed by Mr. R alph 
S eab , D epartm ent o f  C h em is try ,  L o u is ia n a  S t a t e  U n iv e r s i t y -  
B a ton  Rouge.
3 . G en era l P r e p a r a t iv e  T ech n iq u es
R e a c t io n s  w ere c a r r i e d  o u t  i n  s o l v e n t s  u n d e r  a  
n i t r o g e n  a tm osphere  u s in g  S ch lenk  g l a s s w a r e . ^  In  r e a c t i o n s
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i n  w hich p r i c i p i t a t i o n  o c c u rre d  i n  t h e  r e a c t i o n  s o l v e n t ,  t h e  
p ro d u c t  was f i l t e r e d  and d r i e d  u n d e r  n i t r o g e n  o r  vacuum. 
R e c r y s t a l l i z a t i o n s  from a p p r o p r i a t e  s o lv e n t s  o r  s o lv e n t  
sy s tem s fo l lo w e d  when n e c e s s a r y .  A ir  s e n s i t i v e  p ro d u c ts  
w ere r e c r y s t a l l i z e d  u n d e r  i n e r t  a tm osphere . I f  t h e  p ro d u c t  
d id  n o t  p r e c i p i t a t e  d u r in g  t h e  c o u rse  o f  th e  r e a c t i o n  e i t h e r  
a  p o l a r  s o lv e n t  su ch  as  m ethano l o r  e th a n o l  o r  a hyd rocarbon  
s o l v e n t  su ch  as hexane o r  p e t ro le u m  e t h e r  was added to  th e  
r e a c t i o n  s o l u t i o n  to  cau se  p r e c i p i t a t i o n .
17
B. Epoxide R e a c t io n s
1. R e a c t io n s  o f  P t(Ph,J?) [ n  = 3*^] w i th  T e tra c y a n o -j  n
e th y le n e  Oxide
a) P r e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  P tC P h ^ P ^ -
[C ^ C N ^ O ]  from  P t(P h 3P)^
To a  3° ml s o l u t i o n  o f  t e t r a k i s ( t r ip h e n y lp h o s -  
p h in e )p la t in u m (O )  (0 ,6 2  g , O. 50  mmol) i n  benzene  was added 
an eq u im o la r  amount o f  t e t r a c y a n o e th y l e n e  o x id e  {O.7 2  g ,
O.5 0  mmol) a t  room te m p e r a tu r e .  The i n i t i a l  y e l lo w  s o l u t i o n  
tu r n e d  g o ld e n  brown upon a d d i t i o n  o f  t h e  c y a n o - s u b s t i t u t e d  
o x i r a n e .  M ethanol was added to  th e  s o l u t i o n  and u n d e r  
red u ced  p r e s s u r e  s o lv e n t  was removed u n t i l  p r e c i p i t a t i o n  
o c c u r r e d .  The p r e c i p i t a t e  was f i l t e r e d  and d r i e d  i n  th e  a i r  
and was r e c r y s t a l l i z e d  from d ic h lo ro m e th a n e /m e th a n o l  
y i e l d i n g  l i g h t  y e l lo w  c r y s t a l s  [O . 3 8  g , Q6%; mp, 210°C 
( d e c ) 3■
A n a l . C a lcd  f o r  C ^ H ^ N ^ O P g P t: C, 58-30 ; H,
3 . 5O; N, 6 .4 9 ;  mol w t, 8 6 3 . Found: C, 5804; H, 3 -32 ;
N, 6 .4 3 ;  mol w t, 890  (d ib ro m o m eth an e) .
I n f r a r e d  ( N u j o l ) : 2218 s (CN), 1080 s (Pt-O-C)
b) P r e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  P t (P h  P ) 9_
3 *
[C2 (CN)i(,0] from P t (P h 3P ) 3
The b r i g h t  o ran g e  c r y s t a l s  o f  t r i s ( t r i p h e n y l n  
p h o sp h in e )p la t in u m (O )  ( 0 . 5 0  g , 0 . 5 0  mmol) were s t o r e d  u n d er  
an i n e r t  a tm o sp h ere  to  p r e v e n t  r e a c t i o n  w ith  oxygen and a 
50 ml d ic h lo ro m e th a n e  p o r t i o n  was u se d  to  d i s s o l v e  t h e s e  
c r y s t a l s .  T e t r a c y a n o e th y le n e  o x id e  ( 0 . 1 0  g ,  0 . 7  mmol) was
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added w i th  t h e  e x c lu s io n  o f  oxygen and th e  s o l u t i o n  s t i r r e d  
f o r  0 .5  h r .  The i n i t i a l  b r i g h t  o range  s o l u t i o n  changed to  
a  g o ld e n  brown upon a d d i t i o n  o f  t h e  ep ox ide . M ethanol was 
added to  t h e  s o l u t i o n  and u n d e r  red u ced  p r e s s u r e  s o lv e n t  was. 
removed u n t i l  p r e c i p i t a t i o n  o c c u r re d .  The y e l lo w  c r y s t a l s  
were f i l t e r e d  and d r i e d  u n d e r  vacuum and th e n  r e c r y s t a l l i z e d  
from  d ic h lo ro m e th a n e /m e th a n o l  to  y i e l d  l i g h t  y e l lo w  c r y s t a l s
( 0 . 4- g , 90# ) .
The a n a l y t i c a l  and s p e c t r a l  d a t a  m atched t h a t  
r e p o r t e d  f o r  t h e  r e a c t i o n  p r o d u c t  i n  ( a ) .
2 . R e a c t io n  o f  PtfCOjgXPh^P)^ w i th  T e t r a c y a n o e th y le n e  
Oxide; P r e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  P t fP h ^ P )^ -
[C jjtc iO ^o]
S o l i d  d ic a r b o n y lb i s ( t r i p h e n y l p h o s p h in e ) p l a t i n u m ( 0 ) 
(O .38  g , O.50  mmol) was d i s s o lv e d  i n  50 ml o f  d i c h l o r o -  
m ethane. E xcess t e t r a c y a n o e th y l e n e  o x id e  (0 .1 0  g, 0 . 7 0  
mmol) was added w i th  s t i r r i n g .  M ethanol was added to  e f f e c t  
s o l u t i o n  o f  t h e  l i g a n d  and th e  s o l u t i o n  was s t i r r e d  f o r  
0 .2 5  h r .  Under red u ced  p r e s s u r e  s o lv e n t  was removed u n t i l  
p r e c i p i t a t i o n  o c c u r re d .  The y e l lo w  c r y s t a l s  w ere r e c r y s t a l ­
l i z e d  from d ic h lo ro m e th a n e /m e th a n o l  ( 0 .^  g , 90# ) .
The a n a l y t i c a l  and s p e c t r a l  d a t a  m atch t h a t
f o r  th e  two com plexes r e p o r t e d  above i n  1 (a )  and 1 ( b ) .
3 . R e a c t io n s  o f  t r a n s -MX (CO) (Ph3P l  [ jj  = j r ,  x = C l,
Br; M = Rh, X = C l]  w i th  T e t r a c y a n o e th y le n e  Oxide
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a) P r e p a r a t io n  and C h a r a c t e r i z a t i o n  o f  I rC l(C O )r
(Ph3P ) 2[C2 (CN)i)>0]
S o l i d . t r a n s - c h l o r o c a r b o n y l b i s ( t r i p h e n y l p h o s p h in e ) - 
i r i d i u m ( I )  ( 0 .3 9  g» 0 . 5 0  mmol) was d i s s o lv e d  i n  a minimum 
amount (50  ml) o f  deoxygena ted  benzene  u n d e r  n i t r o g e n  and 
h e a te d  to  r e f l u x .  T e t r a c y a n o e th y le n e  o x id e  ( 0 .0 7 2  g , 0 .5 0  
mmol) was a l s o  d i s s o lv e d  i n  a  minimum amount (10  ml) o f  
d eo x ygena ted  benzene  and h e a te d  to  r e f l u x .  The s o l u t i o n s  
w ere mixed u n d e r  n i t r o g e n  and s t i r r e d  f o r  2 h r  w h i le  
r e f l u x i n g .  The p r e c i p i t a t i o n  o f  a  l i g h t  brown powder 
£ 0 . 20 . g , mpt 2 3 5“ 2*t'0°C (d e c ) ]  d u r in g  t h i s  t im e  was
o b se rv e d .  The p r e c i p i t a t e  was f i l t e r e d  and d r i e d  u n d e r  
vacuum f o r  1 h r .
A n a l . C a lcd  f o r  C ^ H ^ C lI rN ^ O g P g : C, 55 -82 ; H,
3 -27 ; N, 6 .0 6 ;  mol w t, 925* Found: C, 55*52; H, 3*13;
N, 5*96; mol w t, 9 0 2 . (d ibrom om ethane) .
I n f r a r e d  ( N u jo l ) :  2218 m (CN), 20^0 s (CO),
1075 s ( I r - 0 - C ) , and 310 w ( I r - C l ) .
b) P r e p a r a t io n  and C h a r a c t e r i z a t i o n  o f  I rB r(C O )-
(Ph3P ) 2 [C2 (CN)^0]
The compound t r a n s - b r o m o c a r b o n y lb i s ( t r i p h e n y l ­
p h o sp h in e )  i r id iu m (  I )  (O. 3 9  g ,  O.5 0  mmol) was d i s s o lv e d  i n  a 
minimum amount (<60 ml) o f  dfeoxygenated benzene u n d e r  n i t r o g e n  
and h e a te d  to  r e f l u x .  T e t r a c y a n o e th y le n e  o x id e  (O.7 2  g ,  0 . 
O.5 0  mmol) was d i s s o lv e d  i n  a  minimum amount o f  deoxygenated  
benzene  and h e a te d  to  r e f l u x .  These two h e a te d  s o l u t i o n s  
were mixed and s t i r r e d  u n d e r  n i t r o g e n  at* r e f l u x  te m p e ra tu re
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f o r  1 h r .  The s o l u t i o n  changed, from a b r i g h t  y e l lo w  to  a 
d a rk  brown. A brown p r e c i p i t a t e  formed d u r in g  t h i s  t im e 
artd was f i l t e r e d  and d r i e d  u n d e r  vacuum [ 0 . 2  g , 35%\ mp, 
230-235°C ( d e c ) ] .
A n a l . C a lcd  f o r  C^H^QBrlrN^OgPg * C, 53-31;
H, 3 -12 ; N, 5 -78 . Found: C, 53 -^0 ; H, 2 .8 5 i  N, 5 -62 .
I n f r a r e d  ( N u j o l ) : 2220  m (CN)f 2 0 8 0 -2 0 7 0  s (CO),
1080 s ( I r - O - C ) .
c) P r e p a r a t io n  and C h a r a c t e r i s a t i o n  o f  RhCl(CO)-
(Ph3P ) 2[ 0 2 (CN)4 0]
To a 50 ml deoxygenated  benzene  s o l u t i o n  o f  
c h lo ro c a r b o n y lb i s ( t r ip h e n y lp h o s p h in e ) r h o d iu m ( I )  ( 0 . 3 5  g*
0 .5 0  mmol) h e a te d  to  r e f l u x  was added as  10 ml s o l u t i n n  
o f  t e t r a c y a n o e th y l e n e  o x id e  ( 0 .0 7 2  g ,  0 . 5 0  mmol) d i s s o lv e d  
i n  benzene  a t  r e f l u x .  The: s o l u t i o n  was s t i r r e d  urider 
n i t r o g e n .  T here  was an im m edia te  o range  p r e c i p i t a t e  w hich 
was f i l t e r e d  and d r i e d  u n d e r  vacuum [ 0 . 3^ g, 75%i mp, 182- 
185°C ( d e c ) ] .
A n a l . C a lcd  f o r  C^^H^QClN^OgPgRh: C, 6 1 .8 5 ;
H, 3 - 6 2 ; N, 6 .7 1 ;  mol w t, 8 3 3 . Found: C, 61.98* H, 3-74-;
N, 6 .4 4 ;  mol w t, 890  (d ib ro m o m eth an e) .
I n f r a r e d  ( N u j o l ) : 2220 m (CN), 2080-2070 s (CO),
1080 s  (R h-0 -C ).
4-. R e a c t io n  o f  IrH (CO )(Ph^P)^ w i th  T e tr a c y a n o e th y le n e  
Oxide
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Yellow c r y s t a l s  of h y d r i d o c a r b o n y l t r i s ( t r i ­
p h en y lp h o sp h in e )  i r i d i u m ( I )  ( 0 .5 0  g , O.50  mmol) were d i s s o lv e d  
i n  a  minimum amount (^ 4-0 ml) o f  deoxygenated  to lu e n e  and 
c o o led  to  -78°C. T e tra c y a n o e th y le n e  o x id e  ( 0 .0 7 2  g, 0 .5 ^  
mmol) was a l s o  d i s s o lv e d  i n  a  minimum amount (5 ml) o f  
deoxygenated  to lu e n e  and c o o led  to  -78°C. The r e a c t a n t  
s o l u t i o n s  were mixed u n d e r  n i t r o g e n  a t  -7 8 °C . There was 
no im m edia te  v i s u a l  change i n  th e  r e a c t i o n  s o l u t i o n .  The- 
s o l u t i o n  was s t r i r r e d  and t h e  te m p e ra tu re  ''was a llo w ed  to  
r i s e  to  am bien t c o n d i t io n .  The r e a c t i o n  s o l u t i o n  changed 
from a  l i g h t  y e l lo w  to  an almond-brown. D eoxygenated 
a b s o l u t e  e th a n o l  was added u n d e r  n i t r o g e n  to  ca u se  f u r t h e r  
p r e c i p i t a t i o n .  There  was a v e ry  sm a ll  amount (0 .0 1  g) o f  a 
b ro w n -b la ck  s o l i d  which was f i l t e r e d .  The f i l t e r e d  m a t e r i a l  
changed to  an o i l  a t  room te m p e ra tu re  u n d e r  vacuum. A ttem p ts  
to  c r y s t a l l i z e  t h e  o i l  w ere u n s u c e s s f u l .
5 . R e a c t io n  o f  I rH tC O ^ fP h ^ P jg  w ith  T e tra c y a n o  e th y le n e  
Oxide
To a  25 ml d ic h lo ro m e th a n e  s o l u t i o n  o f  h y d r id o -  
d i c a r b o n y lb i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I )  (O .38  g , 0 .^8  
mmol) was added s o l i d  t e t r a c y a n o e th y le n e  o x id e  {0 .0 7 2  g ,
0 .5 0  mmol) u n d e r  n i t r o g e n  a t  room te m p e r a tu r e .  The s o l u t i o n  
was s t i r r e d  f o r  0 .5  h r .  S o lv e n t  was removed u n d e r  red u ce d  
p r e s s u r e  and e t h e r  was added to  p r e c i p i t a t e  a ye llow -brow n 
s o l i d  w hich  was c o l l e c t e d  an  a f r i t t e d  f i l t e r  and d r i e d  
u n d e r  vacuum f o r  0 .5  h r .
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A nal. C a lcd  f o r  C ^ H ^ I rN ^ O ^ P g : C, 5 6 .70 ; H,
3 . 1 3 ; N, 6 .1 1 .  Found: C, 54-.35; H, 3 .1 5 ; N, 7.4-9.
In frared  ^Nujol) : 2220 m tOW), 2.L93 m, 2000 in,
1984- m, 1610  s .
NMR (CD Cl^): 7-75 b r  m u l t i p l e t ,  I .2 3  w d o u b le t .
To a 100 ml deoxygenated  to lu e n e  s o l u t i o n  o f  
h y d r id o d ic a r b o n y l b i s ( t r i p h e n y lp h o s p h in e ) i r i d iu m (I )  (O. 7 8  g,
1 mmol) a t  -78°C was added a 20 ml s o l u t i o n  o f  t e t r a c y a n o -  
e th y le n e  o x id e  (0.14-4- g , 1 mmol) i n  deoxygenated  to lu e n e  
a l s o  a t  -7 8 °c .  The l i g h t  y e l lo w  r e a c t i o n  s o l u t i o n  was allow ed 
to  r i s e  s lo w ly  i n  te m p e ra tu re  w i th  s t i r r i n g  to  0°C. At t h i s  
te m p e r a tu r e  a s l i g h t  d a rk e n in g  o f  t h e  s o l u t i o n  was o b se rv e d .
As t h e  s o l u t i o n  te m p e ra tu r e  r o s e  to  15°C p r e c i p i t a t e  formed 
i n  t h e  s o l u t i o n .  The p r e c i p i t a t e  was f i l t e r e d  and d r i e d  
u n d e r  vacuum f o r  1 -5  h r  [0.4- g ; mp, >300°C].
A n a l . C a lcd  f o r  C ^ H ^ 0IrN ^0^F2 : C, 57*58; H,
3 .1 3 ;  N, 6 .1 0 . Found: C, 59-28; H, 3 -70 ; N, 5.14-.
I n f r a r e d  ( N u j o l ) : 2207 m (CN), 2196  m, 2173
2150m, 2078  m, 2051 m, 2028 s ,  2004- v s ,  1601  v s .
T his  y e l lo w  s o l i d  was chrom atographed  on a 
column o f  s i l i c a  g e l  and t h r e e  b ro a d  bands s e p a r a t e d .
I n f r a r e d  s p e c t r o p h o to m e t r i c  a n a l y s i s  on th e  brown s o l i d s  
showed l o s s  o f  a b s o r p t io n s  betw een 2000 and 2200 cm“^ .
6. R e a c t io n  o f  [ l r ( d i p h o s ) 2]C l  w i th  T e tra c y a n o e th y le n e  
Oxide
S o l id  b i s ( 1 , 2 - d ip h e n y lp h o s p h in o e th a n e ) i r id iu m ( l )
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( 0 .5 0  g ,  0 . i |-9 mmol) was d i s s o lv e d  i n  a minimum amount (25  ml) 
o f  d ie  h i  orom ethane u n d e r  n i t r o g e n .  C o lo r le s s  c r y s t a l s  o f  
t e t r a c y a n o e th y le n e  o x id e  (O.O72 g , 0.50immol) w ere added 
w ith  s t i r r i n g  and 2 ml o f  m ethano l was a l s o  added to  e f f e c t  
s o l u t i o n  o f  th e  e p o x id e . The s o l u t i o n  was s t i r r e d  f o r  0 . 5  
h r  and t h e n  p la c e d  u n d e r  reduced  p r e s s u r e  to  remove s o lv e n t  
u n t i l  p r e c i p i t a t i o n  o c c u r r e d .  On fo rm a t io n  o f  t h e  p r e c i p i ­
t a t e  t h e  r e a c t i o n  m ix tu r e  was c o o led  to  -20°C o v e r n ig h t .
A dark  o i l  formed w hich  was s e p a r a te d  from th e  l i q u i d  l a y e r .  
This o i l  was c r y s t a l l i z e d  from c h lo ro fo rm /e th a n o l  to  g iv e  
a d a rk  brown s o l i d  ^ 0 .2  g , mp, 180-185°C3.
A n a l . C a lc d  f o r  C58H^8C1IrV )IV C' 59<20;
H, *f-12; N, i f .79. Found: C, 52-37; H, 3-33; N, £.*f8.
I n f r a r e d  ( N u j o l ) ; 2198 m, 2130 w, 1600 s  b r .
7 . R e a c t io n  o f  RhCl(Ph^P)^ w i th  T e t r a c y a n o e th y le n e  
O xide
To a 50 ml d ic h lo ro m e th a n e  s o l u t i o n  o f  c h lo r o -  
t ? l s ( t r i p h e n y l p h o s p h i n e ) rhod ium ( I )  ( l .2 5  g , 1 mmol) was 
added s o l i d  t e t r a c y a n o e th y le n e  o x id e  (0 .2 8 8  g, 2 mmol).
The s o l u t i o n  changed from  a  deep bu rgandy  to  deep o ra n g e -  
brown on a d d i t i o n  o f  t h e  epox ide . The r e a c t i o n  was s t i r r e d  
f o r  1 h r  w i th  no v i s i b l e  change. Under reduced  p r e s s u r e  
a p p ro x im a te ly  h a l f  t h e  s o lv e n t  was removed and m e thano l 
was added s lo w ly  to  c a u s e  p r e c i p i t a t i o n  o f  an o range-b row n  
s o l i d  [ 0 . 3  mp, 98 - lifO °c ]  w hich was f i l t e r e d  and d r i e d  
u n d er  a  n i t r o g e n  s t r e a m  f o r  0 . 5  h r .
A n a l . C a lcd  f o r  C ^H ^Q C lgN ^O P^hg; C, 53-36}
H, 3 - 1 9 ;  N, 5 - 9 3 -  F o u n d :  C, 5 3 -2 0 ; H, 3 -3 0 ;  N, 6 . 1 3 .
I n f r a r e d  ( N u j o l ) : 2220-2200 m (CN), 2170 sh ,
1 6 12  s b r .
R e c r y s t a l l i z a t i o n  o f  t h e  s o l i d  from  d i c h l o r o -  
m e th a n e /m e th a n o l  y i e l d e d  a  brown s o l i d .
A n a l . Found: C, ^ 9 . 6 0 ; H, 3 .1 0 ;  N, 6 . 7 6 .
I n f r a r e d  ( N u j o l ) : 2200 w b r ,  1600 w b r .
8 . R e a c t io n  o f  N i(C 0 )^ (P h ^P )^  w i th  T e t r a c y a n o e th y le n e  
O xide
O f f - w h i te  c r y s t a l s  o f  d i c a r b o n y l b i s ( t r i p h e n y l ­
p h o sp h in e )  n ic k e l (O )  ( 0 . 3 2  g ,  0 . 5 0  mmol) w ere  d i s s o l v e d  i n  
d e o x y g e n a te d  d ic h lo ro m e th a n e  and c o o le d  t o  -78°C . T e t r a -  
c y a n o e th y le n e  o x id e  (0 .0 7 2  g , O. 5 0  mmol) was added to  t h e  
s o l u t i o n  w i t h  s t i r r i n g .  The l i g h t  y e l lo w  s o l u t i o n  was 
a l lo w e d  t o  r i s e  i n  t e m p e r a tu r e  to  -20°C and k e p t  a t  t h i s  
t e m p e r a tu r e  o v e r n ig h t .  A l i g h t  y e l lo w  p r e c i p i t a t e  was formed 
d u r in g  t h i s  t im e  and t h i s  s o l i d  was f i l t e r e d  and d r i e d  u n d e r  
vacuum. As t h e  s o l i d  warmed to  room te m p e r a tu r e  i t  s lo w ly  
d a rk e n e d .
A n a l . C a lc d  f o r  C^2H^0Nj^NiOP2 : C, 6 3 . 8 2 ;
H, *K13; N, 7 .7 1 .  Found: C, 3 8 .0 0 ;  H, 2 .^ 5 ;  N, 1 7 . 6 3 .
I n f r a r e d  ( N u jo l ) t  2250 s h ,  2220 s b r ,  2175 s ,
1600 s b r .
A tte m p ts  a t  r e c r y s t a l l i z a t i o n  y i e l d e d  d a r k e r  
s o l i d s  w i th  e s s e n t i a l l y  t h e  same i n f r a r e d  s p e c t r a l  f e a t u r e s  
b u t  v a r i a n t  a n a l y t i c a l  d a t a .
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9. R e a c t io n  o f  Pd(Ph^P)^ w i th  T e t r a c y a n o e th y le n e  Oxide
To a  100 ml deoxygenated  benzene  s o l u t i o n  o f
t e t r a k i s ( t r ip h e n y lp h o s p h in e )p a l la d iu m { 0) (1 .1  g ,  1 mmol)
h e a te d  to  r e f l u x  was added te t r a c y a n o e th y l e n e  o x id e  (0 .1 4 4  g,
1 .0  mmol) u n d e r  n i t r o g e n .  The s o l u t i o n  was s t i r r e d  f o r  1
h r  a t  r e f l u x .  The volumie o f  th e  s o l u t i o n  was red u ced  u n d er  
lo w e r  p r e s s u r e  and deoxygenated  m ethano l was added u n t i l  
p r e c i p i t a t i o n  o c c u r r e d .  The l i g h t  y e l lo w  s o l i d  was f i l t e r e d  
and  d r ie d  u n d e r  vacuum f o r  1 h r  [ 0 .4  g , mp, 235"240°C ].
A n a l . O alcd f o r .C ^ H ^ N y jP ^ P d :  C, 6 5 .7 1 : H,
4 .0 2 ;  N, 5 .6 0 .  Found: C, 65-41; H, 4 .2 1 ;  N, 5-51-
I n f r a r e d  (N u jo l ) :  2185 m, 216? sh , 2135 w,
1590 s .
R e c r y s t a l l i z a t i o n  o f  th e  l i g h t  y e l lo w  s o l i d  
from d ic h lo ro m e th a n e /m e th a n o l  gave a  y e l lo w  powder, mp, l8o~ 
i 90°C.
.A nal. Found: C, 65 .41 ; H, 4 .0 4 ;  N, 5 -88 .
I n f r a r e d  ( N u j o l ) : 2180 w, 2140 w, 1600 s .
10. R e a c t io n  o f  P t(P h ^ P )^  t f i t h  t r a n s -Cyano- 1 . 2 -  
D ip h e n y lb x ira n e '
The. y e l lo w  c r y s t a l l i n e  complex t e t r a k i s ( t r i ­
p h e n y lp h o sp h in e )  p la tin u m (O ) (0 .2 1  g, 0 . l 5 !mmol) was 
d i s s o lv e d  i n  3° ml o f  benzene  u n d e r  n i t r o g e n .  S o l id  t r a n s - 
1 - c y a n o - l ,2 - d ip h e n y lo : : i r a n e  (0 .0 4  g , 0 .2 0  mmol) was added. 
The s o l u t i o n  was s t i r r e d  f o r  2 h r  and th e n  u n d e r  red u ced  
p r e s s u r e  s o lv e n t ’ was removed. The r e s i d u e  was d i s s o lv e d
i n  a  minimum amount o f  d ic h lo ro m e th a n e  and m ethano l s lo w ly  
added c a u s in g  a  y e l lo w  s o l i d  to  p r e c i p i t a t e .  The y e l lo w  
s o l i d  was f i l t e r e d  and d r i e d  u n d e r  vacuum f o r  0 . 5  h r  [ 0 . 1  g ,
l'ip * 265  - 2 7 2 ° C  | .
A n a l . C a lcd  f o r  Cg^H^NOP^Ptg: C, 6 2 . 9 8 ; Ht
4-.32; Nf 0 .8 ^ .  Found: C, 6 2 . 6 3 ; H, ^ . 6 6 ; N, 1 .^ 0 .
I n f r a r e d  ( N u j o l ) : 2183 w, 1606 s .
11. A ttem pted  R e a c t io n  o f  t r a n s -IrC l(C O )(P h ^P )^  w i th  
t r a n s -1-C y a n o - 1 , 2 - d ip h e n y lo x i ra n e
To a  s o l u t i o n  o f  t r a n s - c h l o r o c a r b o n y l h i s ( t r i ­
p h en y lp h o sp h in e )  i r i d i u m (I )  (O .39  g, O.50  mmol) i n  100  ml o f  
benzene a t  room te m p e ra tu re  was added s o l i d  t r a n s - 1 - c y a n o - l , 2 -  
d ip h e n y lo x i r a n e  (0 .1 1  g , 0 . 5  mmol). The s o l u t i o n  was s t i r r e d  
f o r  0 . 5  h r  and a  sam ple p o r t i o n  ta k e n  and a n a ly z e d  by 
i n f r a r e d  s p e c t ro s c o p y .  The sam ple  showed no change i n  t h e  
a b s o r p t i o n  p a t t e r n s  o f  th e  r e a c t a n t s .  T h is  m o n i to r in g  
system  was c o n t in u e d  f o r  2^ h r .  There was no r e a c t i o n .
12. A ttem p ted  R e a c tio n  o f  Pd(Ph^P)^ w i t h  t r a n s -1-C.yano- 
1 , 2 - d ip h e n y lo x i r a n e
The y e l lo w  c r y s t a l l i n e  complex t e t r a k i s ( t r i ~  
p h e n y lp h o sp h in e )p a l la d iu m (O )  ( 0 . 5 0  g , 0 . ^ 3  mmol) was 
d i s s o lv e d  i n  a  minimum amount (3 0  ml) o f  d ic h lo ro m e th a n e .
S o l id  t r a n s - l - c y a n o - 1 , 2 - d ip h e n y lo x i r a n e  ( 0 . 1 2  g , 0 .5 5  mmol) 
was added to  t h e  s o l u t i o n  w ith  s t i r r i n g .  The s o l u t i o n  was 
s t i r r e d  f o r  1 h r .  M ethanol was added to  c a u se  p r e c i p i t a i o n
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o f  a y e l lo w  s o l i d .  An i n f r a r e d  sp ec tru m  o f  t h e  s o l i d  
showed i t  to  be th e  u n r e a c te d  s t a r t i n g  complex, Pd(P h^P)^ . 
There was no r e a c t i o n .
13. R e a c t io n  o f  P t(P h ^ P )^  w ith  t r a n s - s t i l b e n e  ox ide
T e t r a k i s ( t r i p h e n y lp h o s p h i n e ) p l a t i n u m ( 0 ) (0 .4 7  g , 
O.38  mmol) was d i s s o lv e d  i n  40 m l o f  d ic h lo ro m e th a n e  a t  
room te m p e ra tu re .  T ra n s - s t i l b e n e  o x id e  (0 .074  g ,  O.38  mmol) 
was added. The s o l u t i o n  was s t i r r e d  f o r  48 h r .  M ethanol 
was added and t h e  m ix tu re  a llow ed  to  s ta n d  u n t i l  a  g o ld  
s o l i d  p r e c i p i t a t e d .  The s o l i d  was f i l t e r e d  and d r i e d  u n d er  
vacuum [ 0 . 2  g ;  mp,2 6 0 - 280^0  (dec)].
A n a l . C lacd  f o r  C g^H ^O ^P^Pt: C, 6 3 .14-; H,
4 .4 4 ,  Found: C, 6 2 .4 4 ; H, If. 72.
I n f r a r e d  ( N u jo l ) ;  1250 w.
The f i l t r a t e  was p la c e d  u n d e r  red u ce d  p r e s s u r e  
and s o lv e n t  removed. M ethanol was added and t h e  m ix tu re  
a llow ed  to  d ry  l e a v in g  a  w h i te  s o l i d ,  mp, 2 7 0 - 2 8 0 °C ( d e c ) .
A nal.  C a lcd  f o r  C ^H ^gO PgPt: C, 5 4 .0 2 ;  H, 3,8.1;
Founds C, 5 4 .4 6 ;  H, 4 .1 4 .
I n f r a r e d  (N u jo l) s  1250 w.
T h is  r e a c t i o n  was r e p e a t e d  i n  th e  same 
manner e x c e p t  th e  r e a c t i o n  tim e  was s h o r te n e d  to  1  h r .  
T e t r a k i s ( t r ip h e n y lp h o s p h in e ) p la t i n u m ( 0 )  (1 .2 4  g ,  1  mmol) was 
d i s s o lv e d  i n  40 ml o f  d ic h lo ro m e th a n e .  T ra n s - - s t i lb e n e  
o x id e  ( 0 . 1 9 2  g ,  1 mmol) was added to  t h e  r e a c t i o n  s o l u t i o n  
and a p r e c i p i t a t e  was form ed. The g o ld  c r y s t a l s  w ere
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f i l t e r e d  and  d r i e d  u n d e r  vacuum [O .A  g ;  m p ,2 ?0  - 300°C (dec)} •
A nal. Found: C, 6 2 . 9 6 ; H, A. 6 6 .
I n f r a r e d  ( K u j o l ) : 1570 w.
Tfi'; g o  J d <: r,y;: l,:i. I si : J. o v/1 ,y a t  room
te m p e ra tu r e .
1 ^ . A ttem pted  R e a c t io n  o f  t r a n s -IrC l(C O )(P h ^ P )^  w ith  
t r a n s -S t i l b e n e  O xide 
Yellow c r y s t a l s  o f  t r a n s - c h l o r o c a r b o n y l b i s ( t r i p h e n y l - 
p h o s p h in e ) i r id iu m ( I )  (0 . 3 9  g» 0 .5 0  mmol) were d i s s o lv e d  i n  
100 ml o f  benzene  a t  room te m p e ra tu re .  T ra n s - s t i l b e n e  o x id e  
( 0 . 1 0  g,  0 . 5 0  mmol) was added and th e  m ix tu re  s t i r r e d  a t  
r e f l u x  te m p e ra tu re  u n d e r  n i t r o g e n  f o r  6 h r .  A sam ple 
p o r t i o n  o f  th e  r e a c t i o n  s o l u t i o n  was ta k e n  and an a ly z e d  by 
i n f r a r e d  s p e c t ro s c o p y  t o  d e te rm in e  i f  any change had o c c u r re d .  
The s p e c t r a  r e v e a le d  t h a t  t h e r e  had been  no change i n  e i t h e r  
o f  t h e  a b s o r p t io n  p a t t e r n s  o f  th e  r e a c t a n t s .  T here  was no 
r e a c t i o n .
1 5 .  A t t e m p te d  R e a c t i o n  o f  P d (P h ^ P )^  w i t h  t r a n s - S t i l b e n e  
O xide
T e t r a k i s ( t r ip h e n y lp h o s p h in e ) p a l l a d iu m ( 0 )  (0 .^7  g ,
0 . 3 8  mmol) was d i s s o lv e d  i n  +^0 ml o f  d ic h lo ro m e th a n e .
T ra n s - s t i l b e n e  o x id e  ( 0 .1 0  g , 0 .7 0  mmol) was added . The 
s o l u t i o n  was s t i r r e d  f o r  1 h r .  Under reduced  p r e s s u r e  
s o l v e n t  was removed u n t i l  p r e c i p i t a t i o n  o c c u r re d .  I n f r a r e d  
a n a l y s i s  o f  t h e  ye llow  s o l i d  showed no r e a c t i o n .
I I I .  RESULTS OF THE EPOXIDE REACTIONS
The r e a c t i o n s  o f  e p o x id e s  w ith  some i r i d i u m ( I )  , 
r h o d iu m ( l ) ,  p a l l a d i u m ( O ) , and p la t in u m (O )  s u b s t r a t e s  have  
p ro d u c e d  a  num ber o f  new com plexes c o n t a in i n g  epox ides  and 
f ra g m e n ts  o f  e p o x id e s .  The com plexes o f  t e t r a c y a n o  e th y le n e  
o x id e  a r e  s t a b l e  t o  a i r  i n  t h e  s o l i d  s t a l e ,  c r y s t a l l i n e  and 
r a n g e  i n  c o l o r  from  w h ite  to  l i g h t  brown. The c r y s t a l l i n e  
p la t in u m  com plex P t ( P h 3P )2[C2 (CN)^0] was o b t a i n e d  from t h e  
r e a c t i o n  o f  t e t r a c y a n o  e th y l  ene w ith  P t tP h ^ P )^ ,  P t(P h ^ P )^  and 
P t ( C O ) g t P h ^ P ) T h e  i s o l a t e d  i r i d i u m  and rh o d iu m  com plexes 
MXCCOJCPh^PjgCCgCCNj^O] (M = I r ,  X = C l, B r; M = Rh, X = C l ) ,  
w ere  formed by t h e  r e a c t i o n  o f  t h e  c o o r d i n a t i v e l y  u n s a t u r a t e d  
MX(CO) (Ph^P)g w i t h  t e t r a c y a n o  e t h y l  ene o x id e .  The rhodium , 
i r i d i u m ,  n i c k e l ,  and p a l la d iu m  compounds w h ic h  r e a c te d  
w i th  t e t r a c y a n o  e t h y l e n e  o x id e  b u t  d id  n o t  a f f o r d  w e ll  
c h a r a c t e r i z e d  p r o d u c t s  a r e  IrH(CO) (P h ^ P jy  IrH (C 0 )^P h ^P )2
[ l r ( d i p h o s ) 2] C l ,  R h C lC P h ^ )^ , N i(C O )g tPh^P )2 , and Pd(Ph3P )^ .
Two o t h e r  epox ides  w ere  u se d  i n  t h i s  s tu d y  w i th  
l i t t l e  s u c c e s s .  T ra n s - 1 - c y a n o - l .  2 - d io h e n v lo x i r a n e  and 
t r a n s - s t i l b e n e  o x id e  r e a c t e d  w i th  PtCPh^P)^ t o  g iv e  
p r o d u c t s  w h ich  w e re  c h a r a c t e r i z e d  a s  [ P t ( P h 3P ) 2^ 2 ( s u b s t i t u t e d  
o x i r a n e ) .  N o 'r e a c t io n  was o b s e rv e d  to  o c c u r  be tw een  t h e s e  
s u b s t i t u t e d  o x i r a n e s  and i r i d i u m ( I )  and p a l la d iu m (O )  
com plexes.
The r e a c t i v i t y  o f  t h e  ep o x id es  i s  d e te rm in e d  by
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t h e  s u b s t i t u e n t s  on th e  ca rb o n  atoms o f  th e  o x ira n e  r i n g .
T e t r a c y a n o e th y le n e  o x id e  r e a c t e d  w ith  ev e ry  low v a l e n t  
t r a n s i t i o n  m e ta l  complex t e s t e d .  The t r a n s - l - c y a n o - 1 , 2- 
c ip h e n y lo x i r a n e  and t r a n s - s t i l b e n e  o x id e  r e a c t e d  on ly  w i th  
P t(P h ^ P )^ .  R e a c t iv i ty  o f  th e  epoxide i s  i n c r e a s e d  when 
th e  ep o x id e  i s  a c t i v a t e d  by th e  p r e s e n c e  o f  e le c t ro : -  
n e g a t iv e  cy an id e  g roups r a t h e r  th an  by t h e  p r e s e n c e  o f  
th e  p h e n y l  g ro u p s .  No d i f f e r e n t i a t i o n  betw een  th e  s t i l b e n e -  
and c y a n o - s u b s t i t u t e d  s t i l b e n e  o x id es  was o b se rv ed  as  
to  r e a c t i v i t y .
IV . DISCUSSION OF EPOXIDE REACTIONS
A. T e tr a c y a n o e th y le n e  Oxide C hem is try
R e a c tio n s  d e s c r ib e d  i n  th e  E x p e r im e n ta l  s e c t i o n  
I I  o f  t h i s  D i s s e r t a t i o n  show t h a t  t e t r a c y a n o e th y le n e  o x id e  
r e a c t s  w i th  u n s a tu r a t e d  n o b le  m e ta l  complexes by o x id a t iv e  
a d d i t i o n  to  g iv e  s a t u r a t e d  m e t a l l o c y c l e s , eq. 13- T e t r a -
cy a n o cy c lo p ro p an e  has been  shown to  r e a c t  w i th  P t(P h ^ P )^
by r e p l a c i n g  two o f  t h e  t r ip h e n y lp h o s p h in e  g roups  and
in c o r p o r a t i n g  th e  s u b s t i t u t e d  p la t in u m  atom i n t o  a m e t a l l o ­
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c y c lo b u ta n e  r i n g .  A d d i t io n  o f  an eq u im o la r  amount
o f  t e t r a c y a n o e th y l e n e  o x id e  to  a  benzene  s o l u t i o n  o f  
P t(P h ^ P )^  caused  a  y e l lo w  c o l o r  o f  t h e  s o l u t i o n  to  change 
to  a g o ld e n  brown. M ethanol was added to  th e  s o l u t i o n  and 
s o lv e n t  was removed u n d e r  red u ced  p r e s s u r e  u n t i l  p r e c i p i ­
t a t i o n  o c c u r r e d .  The l i g h t  y e l lo w  c r y s t a l s  which formed 
a r e  s t a b l e  to  210°C ( d e c ) . I n f r a r e d  s p e c t r a l  d a t a  o f  t h i s  
s o l i d  p ro v id e d  some i n d i c a t i o n  o f  th e  p o s s i b l e  s t r u c t u r e  
o f  t h i s  com plex, F ig u re  1 . A N u jo l m ull o f  t h e s e  y e l lo w  
c r y s t a l s  r e v e a le d  two a b s o rp t io n s  which co u ld  n o t  be a 
a t t r i b u t e d  to  th e  t r ip h e n y lp h o s p h in e  l i g a n d s . The h ig h e r
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FIGURE 1
S e l e c t e d  I n f r a r e d  A b s o rp t io n s  o f  t h e  Complex 
F t{ P h 3P ) 2[C2 (CN)ijj0 ]
(N u jo l  M ull)
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energy  a b s o r p t i o n  a t  2218 cm ^ i s  a t t r i b u t e d  to  a
n i t r i l e  a b s o r p t i o n .  The cy an id e  l i g a n d  cou ld  b e  bound to
t h e  m e ta l  i n  a  v a r i e t y  o f  ways. A l i s t  o f  some p la t in u m
complexes w i th  v a r io u s  CN i n f r a r e d  a b s o rp t io n s  i s  g iv en  in
T ab le  I .  The a b s o r p t i o n  a t  2218 cm i s  a t t r i b u t e d  to  a
-CN bonded to  an  o rg a n ic  p o r t i o n  o f  th e  complex r a t h e r  th a n
bonded to  t h e  m e ta l  d i r e c t l y  o r  cf-bonded th ro u g h  th e
n i t r o g e n  o f  t h e  n i t r i l e  t o  th e  m e ta l .  A nother p o s s i b i l i t y
i s  th e  i t -b o n d in g  to  t h e  m e ta l  o f  t h e  c a r b o n - n i t r o g e n  t r i p l e
bond. However, an example o f  t h i s  mode o f  bond ing  has y e t
97to  be v e r i f i e d .  The second  a b s o r p t i o n  o f  i n t e r e s t  was 
r e c o rd e d  a t  1080 cm- '*" and i s  a t t r i b u t e d  to  a p o s s i b l e  
l in k a g e  i n  t h e  m e ta l lo - c y c lo b u ta n e  r i n g .  Bellam y has 
r e p o r te d  t h a t  c y c l i c  fo u r  membered r i n g s  e x h i b i t  an a
a b s o r p t io n  i n  t h i s  r e g io n  which i s  a t t r i b u t e d  to  th e  C-O-C
t  i 98 l in k a g e .
I t  would be r e a s o n a b le  to  c o n s id e r  t h i s  r e a c t i o n  
as  th e  a t t a c k  o f  a n u c l e o p h i l i c  r e a g e n t  on t h e  o x ira n e  r i n g .  
I t  has been  shown t h a t  i n  s o l u t i o n  p la tinum (O ) complexes o f  
t h e  ty p e  w i l l  d i s s o c i a t e  as d e s c r ib e d  i n  eq. 14
ML .--------   -  Ml2 (14)
p ro v id in g  t h e  n u c l e o p h i l i c  s p e c ie s  P t f P h ^ P j g * ^
P a r k e r  and I s a a c s  have fo rm u la te d  w hat ap p ea rs  to  
b e  th e  m ost a c c e p ta b le  model to  a c c o u n t  f o r  t h e  l a r g e  
number o f  n u c l e o p h i l i c  r e a c t i o n s  w hich  e th y le n e  o x id es  
u n dergo . I n i t i a l  a t t a c k  o f  th e  n u c l e o p h i l i c  s p e c ie s  on
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TABLE I
CN STRETCHING FREQUENCIES OF SOME 
PLATINUM COMPLEXES
— 1C om plex  (cm ) R e f .
-b rans-P tH (C N ) fP h ^ P )^  21^2  100
c is _ -P t  (CN) g (Ph^P) 2 2 1 ^ 8 ,  21^2  101
tran s-P tH (N C S )(P h 3P ) 2 2092 100
P t  {NCS) 2 (P h^P) 2 2097 102
PtH(TCM) (Ph3P ) 2a 2025, 2175 103
Pt(NCCH3 ) 2C l2 2320 104-
Pt(TCNE)(Ph3P ) 2 2220 105
a) TCM i s  t h e  t r ic y a n o m e th a n id e  a n io n
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one o f  t h e  r i n g  carbon atom s of th e  o x i r a n e  r i n g  and 
b re a k in g  o f  t h e  -bond be tw een  th e  ca rbon  a t t a c k e d  by th e  
n u c l e o p h i l e  and th e  oxygen atom com prise t h e  e s se n c e  o f  
th e s e  r e a c t i o n s ,  eq. 15* F o llow ing  t h i s  l i n e  o f  th o u g h t
A
-9*
[-► - c
o r  X AX
(15)
c o n c e rn in g  t h e  r e a c t i o n  betw een  th e  p la t in u m  m e ta l  complex
and t e t r a c y a n o e th y le n e  o x id e ,  one would have to  co n c lu d e
t h a t  F tfP h ^ P jg  a c t s  as t h e  n u c l e o p h i l i c  s p e c i e s  and a t t a c k s
th e  r i n g  c a rb o n  and c a u se s  t h e  opening o f  t h e  C-0 bond.
S i n c e  t h e  p l a t i n u m  co m p lex  i s  s t i l l  u n s a t u r a t e d  a t  t h i s
p o i n t ,  i t  i s  r e a s o n a b le  t h a t  th e  a lk o x id e  end o f  t h e  open
o x ir a n e  s t r u c t u r e  would a t t a c h  i t s e l f  to  t h e  p la t in u m  atom
to  com ple te  t h e  m e ta l lo c y c lo p ro p y l  e t h e r .
O r i g in a l l y  t h i s  complex was r e p o r t e d  and
fo rm u la te d  as  th e  i n s e r t i o n  p ro d u c t  o f  P tL 2 i n t o  th e  c a rb o n ­
i c  106ca rb o n  bond o f  t h e  o x i r a n e  r in g .  This fo rm u la t io n  was
by an a lo g y  to  t h e  r e a c t i o n  o f  PtLj^ w i th  1 , 1 , 2 , 2 - t e t r a c y a n o -
107c y c lo p ro p a n e ,  eq. 1 6 .
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These r e a c t i o n  p ro d u c ts  were fo rm u la te d  i n  t h e  same mammer
108a s  t h e  p r e v io u s  p la t in u m  complexes w ith  c y c lo p ro p a n e s  as
m e ta l lo c y c lo b u ta n e s . These i n v e s t i g a t o r s  assumed t h a t  t h e
c a rb o n -c a rb o n  bond betw een  th e  c y a n o - s u b s t i t u t e d  ca rbons
had b ee n  b ro k en  and th e  m e ta l  in c lu d e d  i n  t h e  sy m m e tr ic a l
m e ta l lo c y c lo o x a b u ta n e .  The t e t r a c y a n o e th y l e n e  o x id e -
p la t in u m  complex was a n a lo g o u s ly  fo rm u la te d .
I n  a  su b se q u e n t  s tu d y  S c h lo d d e r ,  I b e r s ,  l e n a r d a ,
and G ra z ia n i  r e p o r t e d  t h e  c r y s t a l  and m o le c u la r  s t r u c t u r e
from th r e e - d im e n s io n a l  X -ray  d a t a  o f  F tfP h y ^s
T h is  s t r u c t u r a l  d a t a  showed t h a t  t h e  t e t r a c y a n o e th y l e n e
o x id e  was bonded to  t h e  p la t in u m  as a  m e ta l lo o x a c y c lo b u ta n e .
The P t ( P h 3A s)2 f rag m en t was in c lu d e d  i n  t h e  r i n g  betw een
a ca rb o n  and an  oxygen atom. C h a t t  and D av idson  d e s c r ib e d
a s i m i l a r  o x id a t iv e  a d d i t i o n  p r o c e s s  i n  t h e  r e a c t i o n  o f
I rC l(C O )(P h 3P ) 2 w ith  hydrogen i n  w hich th e y  fo rm u la te d  th e
mechanism o f  t h e  r e a c t i o n  as  i n s e r t i o n  o f  t h e  i r id iu m  atom
109i n t o  t h e  H-H bond. Chock and H alpe rn  c a r r i e d  o u t  t h e  
f i r s t  k i n e t i c  s tu d y  o f  o x id a t iv e  a d d i t i o n  to  t h e  compound 
I rC l(C O )(P h 3P ) 2 w i th  an addendum A-B.110 I t  was s u g g e s te d
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t h a t  th e  a l k y l a t i o n  o f  th e  i r id iu m  complex be c o n s id e re d  
as a b im o le c u la r  d isp la ce m e n t (3^2) r e a c t i o n  a t  th e  carbon 
atom. Che i r i d iu m  atom a c t s  as  a n u c le o p h i le  in  th e  
r e a c t i o n  on th e  carbon  atom.
In  th e  l i g h t  o f  th e s e  p re v io u s  s tu d i e s  one can 
r e a d i l y  f o rm u la te  a mechanism, eq.. 1 7 • f o r  t h i s  r e a c t i o n
PtL
NC.
NC
NC-
*0
CN CN
! 1
NC— C— C— CN
I 1 +
0 P t l 2+'
NCCN
X .  >CN 
L2 P< ^ > C^ N  O?)
i n  which th e  n u c l e o p h i l e  i s  th e  P t(P h ^ P )2 s p e c i e s .  A tta c k  
on th e  r i n g  ca rbon  by th e  n u c l e o p h i l i c  p la t in u m  atom would 
ca u se  a w eakening o f  th e  C-0 bond on th e  same ca rbon . This 
r e a c t i o n  co u ld  n o t  be c o n s id e re d  a  " t r u e " .S N2 ty p e  in  t h a t  
th e  t r a n s i t i o n  s t a t e  does n o t  a l lo w  th e  l i n e a r  a l l ig n m e n t  
o f  t h e  incom ing n u c le o p h i l e ,  th e  carbon atom and th e  
l e a v in g  oxygen atom due to  t h e  geom etry o f  th e  epoxide r i n g .  
However, t h i s  p ro c e s s  i s  v e ry  s i m i l a r  to  th e  S^2 mechanism.
T r is ( t r ip h e n y lp h o s p h in e )p la t in u m (O )  and t e t r a -  
c y a n o e th y len e  o x id e  r e a c t  r e a d i l y  to  form th e  same l i g h t  
y e l lo w  c r y s t a l s  a s  had th e  t e t r a k i 3( t r ip h e n y lp h o s p h in e ) - 
p la tinum (O ) complex on r e a c t i o n  w ith  th e  te t r a c y a n o e th y le n e  
o x id e . T h is  r e a c t i o n  must be  k e p t  more r i g o r o u s ly  oxygen 
f r e e  due to  t h e  extrem e r e a c t i v i t y  o f  P t(P h ^P )^  w ith  
oxygen. T h is  complex has e x a c t ly  th e  same i n f r a r e d  s p e c t r a l
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d a ta ,  a n a l y t i c a l  d a ta ,  and m e l t in g  p o in t  as  d id  th e  p ro d u c t  
o f  th e  P t(P h ^ P )^  and t e t r a c y a n o e th y le n e  o x id e  r e a c t i o n .
The r e a c t i o n  o f  P t(C 0 )2 {Ph^P)2 w ith  t e t r a c y a n o ­
e th y le n e  o x id e  a l s o  gave  th e  same p ro d u c t  as th e  two 
p r e v io u s  r e a c t i o n s .  The p l a t i n a c y c l o p r o p y l  e th e r ,  o r  
p la t in a o x a c y c lo b u ta n e  a s  one p r e f e r s ,  i s  p roduced  i n  each - 
c a se  by n u c l e o p h i l i c  a t t a c k  o f  t h e  P t (P h ^ P )2 on th e  epoxide 
r i n g  a t  t h e  ca rbon  atom c a u s in g  c le a v a g e  o f  th e  C-0 bond. 
C lo s u re  o f  t h e  r i n g  by  a t ta c h m e n t  o f  t h e  a lk o x id e  formed to  
t h e  p la t in u m  atom r e s u l t s  i n  a  s a t u r a t e d  m e t a l l o c y c l i c  
com plex.
New com plexes o f  MX(CO)(Ph^P)2[C 2 (CN)^0] [M = I r ,
X = C l,  B r: M = Rh; X = C l]  were p r e p a re d  by a l lo w in g  t r a n s - 
MX{CO)(Ph^P)2 and te t r a c y a n o e th y l e n e  o x id e  to  r e a c t  i n  
b en zen e  a t  r e f l u x  u n d e r  an i n e r t  a tm o sp h ere . I n f r a r e d  
s p e c t r a l  d a t a ,  F ig u re s  2 ,3  and 4-, show a s t r o n g  a b s o r p t io n  
i n  t h e  ra n g e  o f  20^0-2080 cm- ^ w hich i s  a t t r i b u t e d  to  a 
M ( I I I ) - c a rb o n y l  s t r e t c h i n g  f re q u e n c y .  T ab le  I I  l i s t s  some 
c o m p a ra tiv e  s t r e t c h i n g  f r e q u e n c ie s  o f  i r i d iu m  complexes w ith  
one c a rb o n y l  i n c o r p o r a te d .  Complexes w i th  e l e c t r o n  
w ith d raw in g  s u b s t i t u e n t s  form s i x  c o o r d in a te  complexes 
whose c a rb o n y l  s t r e t c h i n g  f r e q u e n c ie s  a r e  shown to  ran g e  
from 20^0-2080 cm One must c o n s id e r  t h e  20^5 cm- ^ 
a b s o r p t io n  f o r  t h e  V ask a 's  compound a d d i t i o n  p ro d u c t  to  
i n d i c a t e  a s i x  c o o r d in a te  i r i d i u m ( I I I )  s t r u c t u r e .  An 
a b s o r p t io n  a t  2218 cm ^ a g a in  i s  a t t r i b u t e d  to  a n i t r i l e
FIGURE 2
S e l e c t e d  I n f r a r e d  A b s o r p t io n s  o f  t h e  Complex
Ir C l(C O )(P h 3P ) 2[C 2 (CN)0]
(N u jo l  M u ll)
40
2200
cm- i
j ______
2000
J ___
1100
cm-1
FIGURE 3
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FIGURE 4
S e l e c t e d  I n f r a r e d  A b s o r p t io n s  o f  t h e  Complex
RhCl(CO) (Ph3P ) 2[C 2 (CN)J+0 ]
(N u jo l  M u ll)
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TABLE I I
CARBONYL STRETCHING FREQUENCIES OF SOME 
IRIDIUM(I) AND ( I I I )  COMPLEXES
Complexes r n  cm ^ R ef.
F o u r -C o o rd in a te  Complexes
I rC l(C O )(P h 3P ) 2 I 960  112
Ir(TCM )(CO)(Ph3P ) 2 2005  113
--------------------------------F i v e - c o o r d in a t e  Com plexes-------------------------
IrH (C O )(Ph^P)^  1930 77
IrC l(C O )(S 0 2 ) (P h 3P ) 2 2020  l lA
------------------------------- S ix - C o o r d in a te  C om plexes--------------------------
I r C l 3 (C0) (Ph3P ) 2 2078 11^
IrCL(CO)(Ph^P)^(TCNE) 20?5 115
I rC l(C O )(P h 3P ) 2 (C2 F^) 20^0 116
I r C l I ( C F 3 )(C O )(P h 3P ) 2 2060 117
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bonded to  a  c a rb o n  atom i n  t h e  addendum f o l lo w in g  a rgum en ts
above . The a b s o r p t i o n  a t  IO7 2 - IO 75  cm i s  a t t r i b u t e d  to
t h e  m e ta l -o x y g e n -c a rb o n  s t r e t c h  o f  an a lk o x y  s u b s t i t u t i o n
s i m i l a r  t o  a c y c l i c  f o u r  membered e t h e r  l i n k a g e  w hich
B ellam y r e p o r t s  has  an  a b s o r p t i o n  f o r  t h e  C-O-C s t r e t c h
-1 111b e tw een  H 00  and 1050 cm
C h o c k 's  and H a l p e m 's  d e s c r i p t i o n  o f  t h e  a l k y l a t i o n  
o f  i r i d i u m  com plexes i n  w hich  a  n u c l e o p h i l i c  a t t a c k  o f  t h e  
i r i d i u m  atom on t h e  c a rb o n  atom  ta k e s  p l a c e ,  eq, 1 8 , i s
Ph P CO RX
J  ► |> h „ P ) 9Y (C 0 ) I r— -R— -X ]
^ P P h ,  J *
1
(18)
R
PhoP^ I CO 
J  ^ I r
(X)Y^ ^ Pph3
m
a p p l i c a b l e  to  t h e  i r i d a c y c l e  com plex f o r m a t io n  from 
IrX (C O )(Ph^P ) 2 and t e t r a c y a n o e t h y l e n e  o x id e .
The r e a c t i o n  o f  R hC l(C O )(Phy? )2 w i th  t e t r a c y a n o ­
e th y le n e  o x id e  p ro c e e d e d  a s  d id  t h e  a n a lo g o u s  i r i d i u m  
r e a c t i o n .  The f o u r - c o o r d i n a t e  rh o d iu m (I)  complex o x i d a t i v e l y  
added t e t r a c y a n o e t h y l e n e  o x id e  t o  form a  s i x - c o o r d i n a t e  
R h ( I I I )  com plex. The i n f r a r e d  sp e c tru m , f i g u r e ’ o f  t h e  
brown c r y s t a l s  shows t h e  c a rb o n y l  s t r e t c h i n g  f re q u e n c y  
a f t e r  a d d i t i o n  o f  t h e  o x i r a n e  was r e c o rd e d  a t  2 0 7 0 -2 0 8 0  cm- '*' 
i n d i c a t i n g  a  s i x  c o o r d in a t e  s t r u c t u r e .  The medium s t r e n g t h
a b s o r p t io n  a t  2220 cm"^ a g a in  c o r re sp o n d s  to  a n i t r i l e
bonded to  an o rg a n ic  p a r t  o f  th e  complex. The 1080 cm ^
111a b s o rp t io n  i n d i c a t e s  t h e  M-O-C l in k a g e .  The fo rm a tio n
o f  complex I I I  i s  c o n s id e re d  to  be th e  same as  f o r  th e
GO
Ph3S ?lr 'tS r 0N
P h „ P '  | ' CN
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I I I
p la t in u m  and i r id iu m  com plexes.
A to lu e n e  s o l u t i o n  o f  h y d r i d o c a r b o n y l y t r i s ( t r i ­
pheny lphosph ine}  i r id iu m (  I )  was mixed w ith  as equ im o la r  
amount o f  t e t r a c y a n o e th y l e n e  o x id e  a t  ~?8 °C w ith  no v i s i b l e  
change. The s o l u t i o n  was a llow ed  to  warm s lo w ly  to  room 
te m p e ra tu re  and th e  s o l u t i o n  changed from a b r i g h t  ye llow  
to  a r i c h  almond c o l o r .  A b so lu te  e th a n o l  was added to  
cause  p r e c i p i t a t i o n  and a sm a ll  amount o f  a d a rk  brown 
s o l i d  was removed by f i l t r a t i o n  and p la c e d  u n d e r  vacuum f o r  
2 h r .  A f t e r  t h i s  p e r io d  o f  t im e th e  s o l i d  changed to  a 
d a rk  brown t a r .  An i n f r a r e d  sp ec tru m  o f  th e  t a r  showed no 
c h a r a c t e r i s t i c  a b s o r p t io n s  o f  t h e  s t a r t i n g  m a t e r i a l s  o r  
any which c o u ld  be a t t r i b u t e d  to  a  new complex. A l l  s o l i d s  
i s o l a t e d  from  th e  r e a c t i o n  o f  t h i s  i r id iu m  h y d r id e  and 
te t r a c y a n o e th y l e n e  o x id e  decomposed so r a p i d l y  t h a t  c h a ra c ­
t e r i z a t i o n  was n o t  p o s s i b l e .
A to lu e n e  s o l u t i o n  o f  h y d r i d o d i c a r b o n y l b i s ( t r i ­
p h e n y lp h o sp h in e )  i r id iu m (  I )  was mixed w i th  an eq u im o la r
amount o f  t e t r a c y a n o e t h y l e n e  o x id e  and a l lo w e d  to  r e a c t  i n  
t h e  same m anner. Again t h e r e  was no r e a c t i o n  a t  -?8°C and 
t h e  t e m p e r a tu r e  was a l lo w ed  t o  r i s e  to  room te m p e r a tu r e .
A l i g h t  y e l lo w  s o l i d  p r e c i p i t a t e d .  T h is  s o l i d  was f i l t e r e d  
and d r i e d  u n d e r  vacuum. The i n f r a r e d  a n a l y s i s  o f  a N u jo l  
m u ll  o f  t h e  y e l lo w  powder showed e i g h t  s i g n i f i c a n t  a b s o r p ­
t i o n s  b e tw een  2220 and 2000 cm- '1’ . T h is  supposed  m ix tu re  
was ch ro m a to g rap h ed  on a colum n o f  s i l i c a  g e l  to  g iv e  t h r e e  
f r a c t i o n s  a l l  o f  which had t h e  same i n f r a r e d  s p e c t r a l  
a b s o rp t io n ,  p a t t e r n .  No a b s o r p t i o n  be tw een  2200 and 2000 
cirT^was o b s e rv e d .  The r e a c t i o n  was a t t e m p te d  a g a in  i n  
d ic h lo ro m e th a n e  a t  room te m p e r a tu r e .  S o lv e n t  was removed 
from  th e  f l a s k  u n d e r  r e d u c e d  p r e s s u r e  and e t h e r  added 
c a u s in g  p r e c i p i t a t i o n  . The s o l i d  was f i l t e r e d  and d r i e d  
u n d e r  vacuum. The i n f r a r e d  p a t t e r n  o f  t h i s  y e l lw o -b ro w n  
s o l i d  was much s im p le r ,  a s  shown i n  F ig u re  5* A medium 
s t r e n g t h  d o u b l e t  a t  2220-2195 cm- ’1' i s  i n  t h e  r a n g e  to  b e  
a s s ig n e d  to  n i t r i l e  bonded t o  an o rg a n ic  p a r t  o f  t h e  m o le c u le  
A medium s t r e n g t h  band a t  2080 cm-1 i s  s u g g e s t i v e  o f  a 
c a rb o n y l  g ro u p  c o o r d in a te d  t o  an  I r ( l I I )  atom . A: medium 
s t r e n g t h  band  a t  198^ cm and  a s t r o n g  band  a t  1610  cm" 
a r e  n o t  e a s i l y  a s s ig n e d .  The 19 8^ cm- 1  band i s  i n  t h e  r a n g e  
o f  some f i v e  c o o r d in a t e  i r i d i u m ( I )  com plexes c o n t a in i n g  a t  
l e a s t  one c a r b o n y l .  The 1610 cm '1- a b s o r p t i o n  i s  i n  t h e
r a n g e  to  be  c o n s id e r e d  t h e  C=C a b s o r p t io n  o f  t h e  t r i c y a n o -
118e t h e n o l a t e  i o n  C hrom atography o f  t h i s  p r o d u c t  on a 
s i l i c a  g e l  colum n gave a s o l i d  w hich showed o n ly  two weak,
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b ro ad  bands a t  2200  and 1670  cm- 1  when a n a ly z e d  by  i n f r a r e d  
sp e c t ro p h o to m e try .  R e c r y s t a l l i z a t i n n  o f  t h e  o r i g i n a l  
y e l lo w  brown p ro d u c t  from d ic h lo r o m e th a n e /e th e r  gave 
a s o l i d  w hich  had t h e  same i n f r a r e d  s p e c t r a l  a b s o rp t io n s  
as t h e  i n i t i a l  p ro d u c t  b u t  d i f f e r e n t  a n a l y t i c a l  d a t a .  The 
p r o to n  nmr s i g n a l s  o f  a  CDCl^ s o l u t i o n  o f  t h e  ye llow -brow n 
s o l i d  showed two a b s o r p t i o n s .  A b ro a d  m u l t i p l e t  a t  7*5 ppm 
i s  a s s ig n e d  to  p h en y l p r o to n s  o f  th e  p h o sp h in e  l i g a n d s .
The o r i g i n  o f  a  sm a ll  d o u b le t  a t  1 .2 3  ppm i s  unknown. The 
r a t i o  o f  th e s e  a b s o r p t io n s  i s  a p p ro x im a te ly  30*1* T here  
was no a b s o r p t i o n  to  i n d i c a t e  t h a t  t h e  i r i d iu m - h y d r id e  bond 
was s t i l l  i n t a c t .  No a s s ig n m e n t o f  a  p o s s i b l e  s t r u c t u r e  can 
be  made a t  t h i s  t im e .
The r e a c t i o n s  o f  t e t r a c y a n o e th y l e n e  o x id e  w i th  
[ l r ( d i p h o s ) 2 ]C l ,  Ni(C0 ) 2 (Ph3P ) 2 , and RhClCPh^F^ a r e  
s i m i l a r  to  th e  above r e a c t i o n .  I n  each  c a s e  1 :1  m olar 
r e a c t i o n  r a t i o s  were a l lo w ed  to  r e a c t  i n  d ic h lo ro m e th a n e  a t  
room te m p e ra tu r e .  Each r e a c t i o n  p ro d u ced  a d a rk  brown s o l i d  
w hich  was s o lu b l e  i n  o r g a n ic  s o lv e n t s  and i n s o l u b l e  i n  a 
a l c o h o l s .  The i n f r a r e d  s p e c t r a l  d a t a ,  F ig u re s  6 , 7 , and 8 , 
o f  N u jo l m u lls  o f  t h e  p r o d u c t s  w ere v e ry  s i m i l a r  i n  t h e  
p o s i t i o n s  and s t r e n g t h s  o f  a b s o r p t io n s  to  each  o t h e r  and 
:i I r.o l.o tln> s p e c t r a  o f  t e t r a e t h y l  ammonium t r i c y a n o e t h e n o l a t e .  
F ig u re  9 .  As p r e v io u s l y  m en tioned , r e a c t i o n s  o f  c e r t a i n  
n u c l e o p h i l e s ,  I - , w i th  t e t r a c y a n o e th y l e n e  o x id e  p ro d u c es  
th e  t r i c y a n o e t h e n o l a t e  io n  and th e  c y a n id e  i o n . ^  A lso
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d i s c u s s e d  above was th e  f a c t  t h a t  t r a n s i t i o n  m e ta l  atoms 
o f t e n  a c t  as n u c l e o p h i l e s  i n  r e a c t i o n s  w i th  t e t r a c y a n o -  
e th y le n e  o x id e .  I n  a l l  c a s e s  a n a l y t i c a l  d a ta  was low fo r
c a rb o n  p e r c e n ta g e s  and h ig h  f o r  n i t r o g e n  p e r c e n ta g e s  when 
compared w i th  c a l c u l a t e d  1 :1  v a lu e s .  P u r i f i c a t i o n  
te c h n iq u e s  caused  f u r t h e r  d e v i a t i o n  from 1 :1  c a l c u l a t e d  
v a lu e s  i n  t h e  d i r e c t i o n s  i n d i c a t e d .
The r e a c t i o n  o f  £ l r ( d i p h o s ) 2]C1 w ith  t e t r a c y a n o -  
e th y le n e  o x id e  p ro d u ced  a d a rk  o i l  upon c o o l in g  o f  t h e  
r e a c t i o n  s o l u t i o n .  T his  o i l  was c r y s t a l l i z e d  from 
c h l o r o f o r m /e th e r  to  g iv e  a  d a rk  brown s o l i d .  The i n f r a r e d  
sp e c tru m  o f  a  N u jo l m u ll  o f  t h i s  s o l i d ,  F ig u re  5> showed 
two s t r o n g  a b s o r p t io n s  a t  2198 a n d l6 l2  cm-1  and a s h o u ld e r  
a t  2170 cm S in c e  t h e  s o l i d  was s o l u b l e  i n  o rg a n ic  
s o l v e n t s  i t  i s  p r o b a b ly  n o t  a  s a l t .  The a n a l y t i c a l  d a t a  
f o r  t h e  brown s o l i d  show low v a lu e s  f o r  ca rb o n  and hydrogen 
p e r c e n ta g e s  as  compared to  t h e  c a l c u l a t e d  p e r c e n ta g e s  f o r  
a  1 :1  fo r m u la t io n .  A ttem p ted  p u r i f i c a t i o n  by ch rom ato ­
g ra p h y  o r  r e c r y s t a l l i z a t i o n  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  
t a r - l i k e  s o l i d s  w hich  l o s t  s p e c t r a l  a b s o r p t io n s  m en tioned  
above. A l o g i c a l  c o n c lu s io n  to  draw from  t h i s  e v id e n c e  
i s  t h a t  t h e  r e a c t i o n  o f  t e t r a c y a n o e th y l e n e  o x id e  w i th  th e  
i r i d i u m  s a l t  forms a  complex l i k e  th o s e  form ed w i th  t h e  
p la t in u m  and i r i d i u m  com plexes r e p o r te d  above . T h is  complex 
m ust n o t  be s t a b l e  due to  t h e  b a s i c i t y  o f  t h e  i r id iu m -d ip h o s  
complex and t h e  m e ta l lo c y c lo b u ta n e  d e g ra d e s  t o  a t r i c y a n o -
62
e t h e n o la t e  c o n ta in in g  s p e c i e s .  At am b ien t c o n d i t io n s
f u r t h e r  d e g r a d a t io n  seems to  o c c u r .  N o .s t r u c tu r a l  p r o j e c t i o n
w i l l  be made. The r e a c t i o n  o f  RhCl(Ph0P ) - w i th  t e t r a c y a n o -j  J
e th y le n e  o x id e  i n  d ic h lo ro m e th a n e  p ro d u ced  an orange-brow n 
s o l i d  which was n o t  f u l l y  c h a r a c t e r i z e d .  A t h r e e  band 
a b s o r p t io n  p a t t e r n ,  F ig u re  8 , o f  t h e  i n f r a r e d  spectrum  o f  
t h e  s o l i d  co u ld  be  due to  t h e  p r e s e n c e  o f  t r i c y a n o e th e n o ­
l a t e  io n  i n  a  new rhodium  complex. A t ta c k  o f  th e  n u c le o -  
p h i l i c  rhodium i o n  on one o f  t h e  e l e c t r o n - d e f i c i e n t  ca rb o n  
atoms i n  th e  c y a n o - s u b s t i t u t e d  epox ide  r i n g  cou ld  cause  
g e n e r a t i o n  o f  t h e  t r i c y a n o v i n y l  a l c o h o l a t e  io n  as  w e l l  as  
f o rm a t io n  o f  a  Rh-CN m o ie ty .  Due to  l a c k  o f  co n firm in g  
a n a l y t i c a l  and m o le c u la r  w e ig h t  d a t a ,  no s t r u c t u r a l  
p r o p o s a l  may b e  made.
The r e a c t i o n  o f  N i(C 0)2 (Ph^P )2 w i th  t e t r a c y a n o -  
e th y le n e  o x id e  p roduced  i n i t i a l l y  a y e l lo w  s o l i d  a t  
te m p e ra tu re s  below  0°C. I s o l a t i o n  o f  t h i s  s o l i d  and a t t e m p ts  
to  c h a r a c t e r i z e  a t  am b ien t c o n d i t io n s  r e s u l t e d  i n  a d a rk e n ­
in g  o f  th e  s o l i d  to  brown. I n f r a r e d  a n a l y s i s  o f  a N ujol 
m u ll  sp ec tru m  o f  th e  p r o d u c t ,  F ig u re  7» r e v e a le d  a t h r e e  
band p a t t e r n  a g a in  s i m i l a r  to  th e  a b s o r p t i o n s  o f  th e  
t r i c y a n o  e t h e n o l a t e  io n .  The s p e c t r a  a l s o  r e v e a l s  v e ry  
weak a b s o r p t io n s  i n  t h e  c h a r a c t e r i s t i c  r a n g e s  f o r  t r i p h e n y l - 
p h o sp h in e .  A n a l y t i c a l  d a t a  f o r  t h e s e  brown s o l i d s  a r e  
c l o s e s . t  to  ag reem en t w i th  a  n i c k e l - t r i c y a n o e t h e n o l a t e  
compound w hich c o n ta in s  no p h o sp h in e  l i g a n d s  There can be
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no s t r u c t u r a l  p ro p o s a l  made f o r  t h i s  r e a c t i o n  p r o d u c t .
The r e a c t i o n  o f  Pd(Ph^P)^ w ith  t e t r a c y a n o e th y le n e  
o x id e  a t  80°C i n  benzene  p roduced  a y e l lo w  s o l i d  w hich was 
n o t  f u l l y  c h a r a c t e r i z e d .  F ig u re  10 shows a  p o r t i o n  o f  th e  
i n f r a r e d  a b s o r p t io n  p a t t e r n  o f  t h e  s o l i d .  The p o s i t i o n s  
and s t r e n g t h s  o f  th e  bands o f  i n t e r e s t  l e a d  to  an i n t e r e s t ­
in g  fo rm u la t io n  f o r  t h e  p r o d u c t .  A medium band found a t  
2185-2167 cm co u ld  be  a s s ig n e d  to  a n i t r i l e  a b s o r p t io n
bonded to  an o rg a n ic  p o r t i o n  o f  t h e  m o le cu le .  The s h i f t
-1o f  t h e  a b s o r p t io n  from t h e  2220-2200 cm . r a n g e  o f  th e
n i t r i l e  bands i n  th e  m e ta l lo c y c le  complexes to  lo w er  energy
v a lu e s  i n d i c a t e s  a d i f f e r e n t  env ironm ent i n  t h i s  complex.
A weak band a t  2135 cm“^ co u ld  r e p r e s e n t  a  n i t r i l e  bonded
d i r e c t l y  to  t h e  t r a n s i t i o n  m e ta l .  The s t r o n g ,  sh a rp  band 
-1a t  1590  cm i s  i n  t h e  ra n g e  f o r  t h e  c a rb o n -c a rb o n  d o u b le  
bond s t r e t c h i n g  f re q u e n c y  o f  th e  t r i c y a n o e t h e n o l a t e  m o ie ty . 
These p i e c e s  o f  in f o rm a t io n  would l e a d  to  t h e  s p e c u l a t i o n  
o f  t h e  fo rm a t io n  o f  a  p a l l a d i u m ( I I )  complex c o n t a in i n g  two 
t r ip h e n y lp h o s p h in e  l i g a n d s ,  a  m e ta l-b o n d ed  c y a n id e  l i g a n d ,  
and a  m e ta l-b o n d ed  t r i c y a n o e t h e n o l a t e  l i g a n d .  However, th e  
a n a l y t i c a l  d a t a  f o r  t h i s  y e l lo w  s o l i d  does n o t  co r re sp o n d  
to  th e  c a l c u l a t e d  v a lu e s  f o r  a  1 :1  Pd{Ph^P)g to  t e t r a c y a n o -  
e th y le n e  o x id e  r a t i o .  The e x p e r im e n ta l  d a t a  i s  c o n s i s t e n t  
w i th  a 1 :1  P d(Ph^P)2 t o  t r i c y a n o e t h e n o l a t e  i o n  r a t i o .  The 
p r e s e n c e  o f  t h e  weak 2135  cm- ^ band can  n o t  b e  e x p la in e d  
w i th o u t  t h e  m e t a l - n i t r i l e  l i n k a g e  b e in g  in c lu d e d  i n  t h e
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s t r u c t u r a l  c o n s i d e r a t i o n s .  R e s o lu t io n  o f  t h e  s t r u c t u r a l  
v e r d i c t  can  n o t  b e  made w i th o u t  f u r t h e r  d a t a .
The r e a c t i o n  o f  P t tP h ^ P )^  w i th  1 - c y a n o - l ,2 -  
d ip h e n y lo x i r a n e  a t  room te m p e r a tu r e  i n  benzene  y i e l d e d  a  
com plex f o r  w h ich  t h e  a n a l y t i c a l  d a t a  i n d i c a t e  a  2 :1  r a t i o  
o f  P t ( P h 0P )„  t o  o x i r a n e .  I n f r a r e d  s p e c t r a l  a n a l y s i s  o f  t h ej  £
y e l lo w  s o l i d  r e v e a l  a  weak band a t  2183 cm"'®' a s s ig n e d  to  a  
C-CN s t r e t c h  and a  s t r o n g  band a t  1606 cm- ^ w hich  c o u ld  
a r i s e  from  t h e  C=C s t r e t c h  o f  an  e t h e n o l a t e  i o n .  These 
a b s o r p t i o n s  i n d i c a t e  p o s s i b l e  f o r m a t io n  o f  a  c y a n o d ip h e n y l-  
e t h e n o l a t e  i o n  on r e a c t i o n  o f  t h i s  o x i r a n e  w i th  t h e  P t (P h ^ )2
f ra g m e n t .  No p r o p o s a l  c o n e e rn ir^  s t r u c t u r e  w i l l  b e  made.
R e a c t io n  o f  1 - c y a n o - l ,2 - d i p h e n y l o x i r a n e  w i th  
I rC l(C O )(P h ^ P )2 a t  room te m p e r a tu r e  was a t t e m p te d ,  b u t  
i t  d id  n o t  p r o c e e d .  A ttem p ted  r e a c t i o n  o f  1 - c y a n o - l , 2 -  
d ip h e n y lo x i r a n e  w i th  P dfP h^P)^  was a l s o  u n s u c c e s s f u l
T h e re  was a  r e a c t i o n  b e tw een  P t (P h ^ P )^  and  t r a n s -  
s t i l b e n e  o x id e  a t  room te m p e r a tu r e .  Two d i f f e r e n t  
compounds w ere  i s o l a t e d .  A s o l u t i o n  o f  eq u im o la r  amounts 
o f  t h e  r e a c t a n t s  i n  d ic h lo ro m e th a n e  was s t i r r e d  f o r  ^8 h r .  
M ethano l was added  and g o ld  c r y s t a l s  p r e c i p i t a t e d  and was 
removed by f i l t r a t i o n .  U n d e r , r e d u c e d - p r e s s u r e  m ost o f  t h e  
d ic h lo ro m e th a n e  was removed from  t h e  f i l t r a t e  an d rm e th an o l  
was ad d ed . A w h i te  s o l i d  p r e c i p i t a t e d  and was i s o l a t e d .  
A n a ly s i s  o f  t h e  g o ld  c r y s t a l s  showed a  2 :1  r a t i o  o f
6?
P t(P h ~ P )0 to  s t i l b e n e  o x id e .  A gain  t h e r e  were no i n f r a r e dj  £
a b s o r p t io n s  w hich m igh t g iv e  an i n d i c a t i o n  o f  p o s s i b l e  modes 
o f  bond ing .
T ra n s - s t i l b e n e  o x id e  was s t i r r e d  i n  s o l u t i o n  w ith  
IrC l(CO ) (Ph^P) g and w ith  Pd(Ph^P)j^. N o .re a c t io n  was found 
w i th  e i t h e r  o f  th e s e  c o o r d i n a t i v e l y  u n s a tu r a t e d  complexes 
and th e  p h e n y l - s u b s t i t u t e d  oxirane*:
R e la t iv e  r e a c t i v i t i e s  o f  th e  v a r io u s  o x i r a n e s  
t e s t e d  w i th  t r a n s i t io n  m e ta l  s u b s t r a t e s  a r e  se en  as  a 
f u n c t io n  o f  t h e  s u b s t i t u e n t s  o f  th e  carbon  atoms i n  t h e  
r i n g .  The p r e s e n c e  o f  e le c t ro n -w i th d ra w in g  o r  e l e c t r o n -  
d o n a t in g  g ro u p s  on th e  o x i r a n e  r i n g  i s  t h e  most obv ious  
d e te rm in in g  f a c t o r  to  ju d g e  r e a c t i v i t y  i n  th e  epox ides  
c o n s id e r e d  i n  t h i s  work. T e tr a c y a n o e th y le n e  o x id e  c o n t a in ­
in g  t h e  g r e a t e s t  number o f  e le c t ro n - w i th d ra w in g  g ro u p s  
has  shown th e  h i g h e s t  d e g re e  o f  r e a c t i v i t y .  As e l e c t r o n s  
a r e  p u l l e d  from t h e  r i n g  to  t h e  n i t r i l e  g ro u p s , t h e  r i n g  i s  
l e f t  more s u s c e p ta b le  to  a t t a c k .  T e tr a c y a n o e th y le n e  ox ide  
r e a c t e d  w i th  ev e ry  m e ta l  s u b s t r a t e  w hich was examined.
The 1 - c y a n o - l ,2 - d ip h e n y l o x i r a n e  and t r a n s - s t i l b e n e  o x id e  
members o f  t h e  ep o x id e  f a m i ly  were t e s t e d  to  d e te rm in e  i f  
any  d i f f e r e n c e  co u ld  b e  s e e n  i n  th e  r e a c t i v i t i e s  due to  th e  
p r e s e n c e  o f  t h e  cy a n id e  g roup  on th e  d i p h e n y l - s u b s t i t u t e d  
compound. No d i f f e r e n c e  was o b se rv ed  f o r  t h e s e  two epox ides 
w i th  r e g a r d  to  r e a c t i v i t y .
V. INTRODUCTION -  METAL-OLEFIN COMPLEXES
A. Review o f  M e ta l  Complexes w ith  O le f in s
The f i r s t  m e t a l - o l e f i n  complex was p r e p a r e d  when
Z e is e  i n  1827 i s o l a t e d  a  c r y s t a l l i n e  compound from th e
11Q 1 °0r e a c t i o n  o f  p la t in u m (IV )  c h l o r id e  and e th a n o l .  y ' The
compound was fo rm u la te d  a s  KCl *Pt Cl 2 HgO. A l a r g e
number o f  com plexes w ith  o l e f i n s  w ere p r e p a re d  b u t  i t  was
a lm o s t  a c e n tu r y  b e fo r e  t h e  n a t u r e  o f  t h e  bond ing  was
u n d e r s to o d .  T h ere  was much d e b a te  c o n c e rn in g  th e  com posi-
1 PI — 1 P *3t i o n  o f  th e  e th y le n e - p la t in u m  h a l i d e  com plexes.
Bim baum  p r e p a r e d  by an in d e p e n d e n t  m ethod th e  same com plex(
K[(C2H ^)P tC l^]*H 20 i n  1868 to  s u b s t a n t i a t e  t h e  b e l i e f  t h a t
IpAe th y le n e  had b e e n  bound t o  t h e  m e ta l .
D is c u s s io n s  o f  p o s s i b l e  modes o f  bonding  o f  
o l e f i n i c  h y d ro ca rb o n s  to  m e ta l s  have p ro cee d ed  a lm o s t  as 
f a r  back as t h e  i n i t i a l  d i s c o v e ry  o f  m e t a l - o l e f i n  com plexes. 
Problem s a r o s e  b ec au se  i t  was n e c e s s a r y  to  e x p la in  how an 
o l e f i n  co u ld  become bonded to  a m e ta l  s in c e  o l e f i n i c  ca rb o n s  
do n o t  p o s s e s s  a  lo n e  p a i r  o f  e l e c t r o n s .  A c o m p le te ly  
s a t i s f a c t o r y  e x p la n t io n  o f  t h e  bond ing  between t h e  o l e f i n i c  
l i g a n d  and t h e  m e ta l  was n o t  g iv e n  u n t i l  1951 when Dewar 
showed th e  im p o r ta n c e  o f  t h e  s im u lta n e o u s  donor and 
a c c e p to r  f u n c t i o n s  o f  b o th  t h e  m e ta l  and th e  o l e f i n . 12^
Dewar in t r o d u c e d  th e  th o u g h t  t h a t  t h e  i n t e r p l a y  betw een  
m o le c u la r  a n t ib o n d in g  o r b i t a l s  on t h e  o l e f i n  and h y b r id
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o r b i t a l s  on  t h e  m e ta l  c o u l d  a c c o u n t  f o r  t h e  s u p r i s i n g  
s t a b i l i t y  o f  s i l v e r - o l e f i n  co m p lex es .  C h a t t  and D uncanson 
i n  d i s c u s s i n g  Z eise*  s a l t ,  u s e d  D e w a r 's  d e s c r i p t i o n  t o  
e x p l a i n  t h e  b o n d in g  b e tw e e n  e t h y le n e  an d  t h e  p l a t i n u m  atom
I n/f
a tom . O v er lap  b e tw e e n  t h e  f i l l e d  e t h y l e n e  tt- m o l e c u l a r
o r b i t a l  an d  one o f  t h e  v a c a n t  p l a t i n u m  h y b r id  o r b i t a l s  
fo rm s a  bond w i th  d i r e c t i o n a l  c h a r a c t e r i s t i c s  o f  e l e c t r o n  
f lo w  from  t h e  l i g a n d  t o  t h e  m e ta l .  T h e re  i s  a l s o  o v e r l a p  
b e tw e e n  a  v a c a n t  o l e f i n i c  a n t i b o n d i n g  tt - m o le c u l a r  o r b i t a l  
and  a  f i l l e d  p la t in u m  h y b r i d  a to m ic  o r b i t a l  w hich  r e s u l t s  
i n  t h e  f o r m a t io n  o f  a n o t h e r  bond w i t h  d i r e c t i o n a l  c h a r a c ­
t e r i s t i c s  o f  e l e c t r o n  f lo w  from  t h e  m e t a l  t o  t h e  l i g a n d .
T h is  b o n d in g  back  t o  t h e  l i g a n d  from  t h e  m e ta l  g i v e s  t h e  
s t a b i l i t y  t o  m e t a l - o l e f i n  i t - c o m p le x e s . X -ra y  c r y s t a l l o ­
g r a p h y  c o n f i rm e d  t h e  s p a t i a l  a r r a n g e m e n t  o f  atoms r e q u i r e d
1 2 7by t h e  o r b i t a l  o v e r l a p .  1
E th y le n e  and s u b s t i t u t e d  e t h y l e n e s  a p p e a r  t o  form
ir-c o m p le x e s  o n ly  w i th  t r a n s i t i o n  m e ta l s  and  u s u a l l y  t h e s e
128m e ta l s  a r e  i n ' t h e  low  o x i d a t i o n  s t a t e s .  T h e r e f o r e  mere
e l e c t r o n s  a r e  a v a i l a b l e  f o r  b o n d in g  from  t h e  m e ta l  t o  t h e  
o l e f i n ,  an d  t h e  s t a b i l i t y  o f  t h e  m e t a l - o l e f i n  com plex  i s  
t h e r e b y  i n c r e a s e d .  When o l e f i n s  r e a c t  w i th  m ain  g ro u p  
e l e m e n t s ,  d -b o n d s  a r e  fo rm e d  due to  t h e  f a c t  t h a t  t h e  
e n e r g i e s  o f  t h e  m e ta l  o r b i t a l s  r e q u i r e d  f o r  p o s s i b l e  b a c k -  
b o n d in g  ( u s u a l l y  d) a r e  in c o m p a ta b le  w i t h  t h o s e  on t h e  
l i g a n d .  I n  t h e  same m a n n er  a l k y l - t r a n s i t i o n  m e ta l  compounds
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a r e  cf-bonded s in c e  a l k y l  g roups l a c k  th e  n e c e s s a r y  empty 
low l y i n g  a n t ib o n d in g  i t " - o r b i t a l s  n e c e s s a r y  f o r  b a c k -b o n d in g  
from m e ta l  t o  l i g a n d .
R ep o rts  i n  t h e  l i t e r a t u r e  o f  complexes o f  o l e f i n s  
w i th  t r a n s i t i o n  . m e ta l s  which show n o v e l  r e a c t i o n s  a r e  o f  
i n t e r e s t .  A f i v e - c o o r d i n a t e  i r i d i u m ( I )  e th y le n e  compound, 
I rC ltC g H ^)^  has been  i s o l a t e d  from a  su sp e n s io n  o f  
[ i r C l f C g H ^ J g l g  i n  h e p ta n e  a f t e r  t r e a tm e n t  w i th  e t h y l e n e .12^ 
The most l i k e l y  s t r u c t u r e  i s  th e  t r i g o n a l  b ip y ra m id  w ith  
l i t t l e  o r  no m o le c u la r  exchange be tw een  th e  e th y le n e  
m o le c u le s .
E th y le n e  r e a c t s  w i th  R u^(C0)^2 and 0 s^ (C 0 )^ 2 to
g iv e  two i.somers w hich  p r o v id e  some in fo rm a t io n  a b o u t  a
system  w h ich  i s  an a lo g o u s  to  th e  r e a c t i o n  o f  o l e f i n s  w ith
130m e ta l  s u r f a c e s .  J X -ray  c r y s t a l  s t r u c t u r e  o f  one o f  t h e s e  
iso m e rs ,  V I I I ,  r e v e a le d  a  t r a n s f e r  o f  two hydrogen  atoms
V III
from th e  e th y le n e  to  t h e  m e ta l  c l u s t e r  and th e  c o n c u r r e n t
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fo rm a t io n  o f  two m e ta l - c a r b o n  d -b o n d s .
I t  has b een  r e p o r t e d  t h a t  molybdenum and tu n g s t e n
c o m p l e x e s  o f  e t h y l e n e  a n d  c y c l o p e n t a d i e n e s  a r e  v e r y  e a s i l y
p r o t o n a t e d  by  weak a c id s  to  g iv e  t h e  m e ta l  h y d r id e s  w i th
111t h e  e t h y le n e  s t i l l  com plexed to  t h e  m e ta l .  ^
R e a c t i o n  o f  I r C l ( C O ) ( F h M e g P j g  w i t h  e t h y l e n e  i n  a  
m e t h a n o l  s o l u t i o n  o f  t e t r a p h e n y l b o r a t e  r e s u l t e d  I n  t h e  
a b s o r p t i o n  o f  t w o  m o l e c u l e s  o f  e t h y l e n e  p e r  i r i d i u m  a n d  t h e  
c o m p o u n d  £ l r ( C O ) ( P h M e g P j g t C ^ H ^ ) g ^ B P h ^  p r e c i p i t a t e d . 1 ^ 2  T h e  
e t h y l e n e  l i g a n d s  c a n  b e  d i s p l a c e d  f r o m  t h e  c o m p l e x  b y  
d i p h e n y l a c e t y l e n e  o r  2 , 3 - d i m e t h y l b u t a d i e n e .
B. Review o f  M e ta l  Complexes w i th  C y c l ic  O l e f i n i c  K etones
I n t e r e s t  i n  com plexes o f  c y c lo p ro p e n o n e s  w i th  
t r a n s i t i o n  m e ta l s  was f i r s t  m e n tio n e d  i n  t h e  l i t e r a t u r e  in  
c o n n e c t io n  w i th  a s tu d y  o f  t h e  c a r b o n y l a t i o n  o f  a c e t y l e n e s  
t o  a c r y l i c  a c i d s .  C. W. B i rd  and J .  Hudec s t u d i e d  t h e  
r e a c t i o n  o f  d ip h e n y lc y c lo p ro p e n o n e  w i th  n i c k e l  c a rb o n y l  i n  
b en zen e  u n d e r  t h e  same c o n d i t i o n s  w hich w ere  u se d  i n  t h e  
r e a c t i o n  o f  d ip h e n y la c e ty l e n e  w i th  n i c k e l  c a r b o n y l . 1 -*  ^ The 
p r o d u c t s  o f  t h e s e  two r e a c t i o n s  w ere  found  t o  be  t h e  same, 
t r a n s - a -p h e n v lc in n a m ic  a c i d  and  i t s  e t h y l  e s t e r .  These 
w o rk e rs  c o n c lu d ed  t h a t  d ip h e n y lc y c lo p ro p e n o n e  was n o t  an  
i n t e r m e d i a t e  i n  t h i s  c o n v e r s io n .
L a t e r  B i rd  and H o l l i n s  reex am in ed  t h i s  r e a c t i o n
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and r e p o r t e d  t h a t  u n d e r  s u i t a b l e  c o n d i t i o n s ;  d ip h e n y lc y c lo ­
p ropenone  r e a c t e d  w i th  n i c k e l  c a rb o n y l  to  g iv e  sm a ll  
amounts o f  a  t r i s ( d ip h e n y lc y c lo p ro p e n o n e ) n ic k e l ( O )  ca rb o n y l  
complex i n  a d d i t i o n  to  d ip h e n y la c e ty le n e  and t e t r a c y c l o n e .  
R ep o rted  i n f r a r e d ,  a n a l y t i c a l ,  and m ag n e tic  d a t a  l e d  th e s e  
w orkers  to  fo rm u la te  t h e  complex w i th  t h e  t h r e e  d ip h e n y l ­
cy c lo p ro p en o n e  m o le c u le s  complexed to  t h e  n i c k e l  th ro u g h  
th e  double bond and a c a rb o n y l  i n  t h e  f o u r t h  c o o r d in a t io n
Z i n c ( I I ) ,  e o b a l t ( l l ) ,  n i c k e l ( I I ) , c o p p e r ( I I ) ,  r u t h e n i u m ( l l ) , 
r h o d i u m ( I I I ) , p a l l a d i u m ( I I ) , and p l a t i n u m ( I I )  and (IV) 
s a l t s  r e a c t e d  w i th  d ip h e n y lc y c lo p ro p e n o n e  to  g iv e  complexes 
fo rm u la te d  a s  h av in g  two, t h r e e ,  o r  s i x  m o lecu les  o f  
d ip h e n y lc y c lo p ro p e n o n e  complexed to  t h e  m e ta l  atom th ro u g h  
th e  c a rb o n y l  oxygen atom o f  th e  c y c l i c  k e to n e .  I n  t h i s  
f o rm u la t io n  t h e  d ip h e n y lc y c lo p ro p e n o n e  m o lecu le  i s  
c o n s id e re d  to  be  i n  a  d i p o l a r  form , eq. 1 9 , due to  t h e  h ig h
d ip o le  moment and b a s i c i t y  o f  t h e  m o le cu le .  The d i p o l a r  
s t r u c t u r e  would b e  v e r y  s i m i l a r  t o  w e l l  known l ig a n d s  such
I n  1967» B ird  and B r ig g s  r e p o r t e d  th e  r e a c t i o n s  
o f  v a r io u s  m e ta l  s a l t s  w i th  d ip h e n y lc y c lo p ro p e n o n e .
Ph
(1 9 )
0 0
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a s  N -p y r id in e  o x id e s ,  p h o sp h in e  o x id e s ,  and s u l f o x i d e s  
w hich a r e  known to  c o o r d in a te  th ro u g h  th e  oxygen. These 
f o rm u la t io n s ,  however, were made a lm o s t  e n t i r e l y  on 
i n f r a r e d  s p e c t r a l  d a t a .  Very l i t t l e  a n a l y t i c a l  d a t a  were 
r e p o r te d  and t h e r e f o r e  t h e  m e ta l to  d ip h e n y lc y c lo p ro p e n o n e  
r a t i o s  w ere d e te rm in e d  /by  th e  r a t i o s  o f  th e  r e a c t a n t s  used  
i n  th e  r e a c t i o n s .
I n  a  f u r t h e r  s tu d y  o f  t h e  p o s s i b i l i t y  o f  i s o l a t i n g
in t e r m e d ia t e s  i n  th e  p r o c e s s  o f  c a rb o n y la t io n  o f  a c e t y l e n e , .
B i rd ,  B r ig g s ,  and Hudec r e p o r te d  t h e  r e a c t i o n s  o f  c y c lo -
n  6propenones  w i th  i r o n  and c o b a l t  c a rb o n y ls .  R e a c t io n s  
o f  d ip h e n y l-  and d ib u ty lc y c lo p ro p e n o n e  and c y c lo h e p te n o -  
p ropenone  w i th  d i c o b a l t  o c ta c a rb o n y l  gave com plexes whose 
i n f r a r e d  s p e c t r a  i n d i c a t e d  th e  fo rm a tio n  o f  t h e  [ ( c y c l o -  
p ro p en one)^C o][C o(C O )^] . Only th e  d ip h e n y lc y c lo p ro p e n o n e  
complex was i s o l a t e d  i n  a  p u r i f i e d  form . The r e a c t i o n  o f  
d ip h e n y lc y c lo p ro p e n o n e  w i th  t r i - i r o n  d o d ec ac a rb o n y l gave t h e  
same p r o d u c ts  a s  t h e  r e a c t i o n  o f  d ip h e n y la c e ty le n e  w ith  
t h i s  i r o n  c a rb o n y l .  T here  were no complexes i s o l a t e d  from 
t h i s  r e a c t i o n  w hich c o n ta in e d  a  k e to n e  as  a  l i g a n d .  The 
r e a c t i o n  o f  d ip h e n y lc y c lo p ro p e n o n e  w i th  d i - i r o n  n o n a-  
c a rb o n y l  y i e ld e d  an a c e t y l e n i c - d i i r o n  complex and two 
com plexes w hich c o n ta in e d  c y c l i c  u n s a tu r a t e d  k e t o n e s .  A lso 
i n  t h e  p r o d u c t  m ix tu re  was found a  f i v e  membered u n s a tu r a t e d  
r i n g  which in c lu d e d  an  i r o n  atom and two k e to n e  f u n c t io n s ,
V. T his  complex was p resum ab ly  formed by a  c a rb o n y l
IK
Fe(CO)
V
i n s e r t i o n  i n  t h e  p ro p o se d  i n t e r m e d i a t e ,  VI. The c a rb o n
J?hPh,
(CO),F
VI
monoxide p r o b a b ly  came from  d e c a r b o n y la t i o n  o f  t h e  c y c lo -  
p ro p en o n e .
R e a c t io n  o f  c y c lo h e p te n o c y c lo p ro p e n o n e  w i th  
d i - i r o n  n o n a c a rb o n y l  gave  o n ly  one p r o d u c t ,  V II ,  and  i t  was
/ - V  Iv^Oft(co^
V II
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s p e c u la te d  t h a t  c a rb o n y l  i n s e r t i o n  was in v o lv e d  i n  fo rm ing  
t h e  m e ta l lo c y c lo p e n te n d io n e .
F ich tem an , S chm id t and O rch in  a l s o  r e p o r t e d  th e
[h e x a k is ( d ip h e n y lc y c lo p ro p  e n o n e ) c o b a l t ] [ t e t r a c a r b o n y l -
c o b a l t a t e ]  a s  t h e  r e a c t i o n  p ro d u c t  o f  d ip h e n y lc y c lo p ro -
117penone and d i c o b a l t  o c ta c a rb o n y l  as  d id  B ird  and 
B r i g g s .1- ^  T h is  r e p o r t " * ^  i n  a d d i t i o n  d e s c r ib e d  th e  p r e ­
p a r a t i o n  o f  s q u a re  p l a n a r  com plexes, t r a n s - P tC l^ -  
(d ip h e n y lc y c lo p ro p e n o n e ) (L) [L  = e th y le n e ,  c i s - 2 -b u te n e .  
ca rb o n  m onoxide, and t r i - n - b u t y l p h o s p h i n e ] .  The d ip h e n y l ­
c y c lo p ro p en o n e  l ig a n d  was c o n s id e r e d  to  be  c o o rd in a te d  
th ro u g h  t h e  c a rb o n y l  oxygen to  t h e  p la t in u m  atom.
A f t e r  some o f  t h e  cy c lop ropenone  work d e s c r ib e d  
i n  t h i s  D i s s e r t a t i o n  was p u b l i s h e d ,  V is s e r  and Raraakers- 
Blom r e p o r t e d  th e  r e a c t i o n s  o f  cy c lo p ro p en o n es  w ith  
p la tin u m (O ) p h o sp h in e  com plexes. J F u r th e r  comment w i l l  
be  h e ld  u n t i l  t h i s  t o p i c  i s  c o n s id e re d  i n  t h e  a p p r o p r i a t e  
D is c u s s io n  s e c t i o n  o f  t h i s  work.
The o b j e c t i v e  o f  t h i s  work i s  t o  d e te rm in e  t h e  
mode o f  bond ing  o f  c y c l i c  k e to n e s  w i th  m e ta l  s u b s t r a t e s  i n  
low o x id a t io n  s t a t e s  and to  i s o l a t e , i f  p o s s i b l e ,  any 
com plexes w hich  co u ld  sh e d  some l i g h t  on t h e  homogeneous 
p ro c e s s e d  o f  c a r b o n y l a t io n ,  d e c a r b o n y la t io n ,  and ca rb o x y -  
l a t i o n .
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C. Review  o f  M e ta l  Com plexes w i th  A m in e - S u b s t i t u t e d  O l e f i n s
I n i t i a l  a t t e m p t s  t o  p r e p a r e  com plexes  o f  o l e f i n s
s u b s t i t u t e d  w i th  am ine g ro u p s  w ere  r e p o r t e d  i n  1883 t y
L ieg e rm an n  and P a a l . 1 -^  R e a c t io n s  w ere  c o n d u c te d  w i t h
b o i l i n g  s o l u t i o n s  o f  h e x a c h l o r o p l a t i n a t e ( I V )  s a l t  an d
a l l y l  am ine . Compounds w i th  t h e  e m p i r i c a l  fo rm u la
(a m in e -H )P tC l^  w e re  i s o l a t e d  and  r e p o r t e d .
R e a c t io n  b e tw een  d i a l l y l a m i n e  and ammonium t e t r a -
c h l o r o p l a t i n a t e ( I I )  r e v e a l e d  two com pounds, monomer and
d im e r ,  w h ich  w ere  p ro p o s e d  t o  b e  com plexes c o n t a i n i n g  t h e
d i a l l y l a m i n e  com plexed  by  t h e  two u n s a t u r a t e d  c a rb o n -
1*4-0c a rb o n  bonds to  t h e  p l a t i n u m  a to m s.
E x p e r im e n ts  t o  d e t e r m in e  r e a c t i o n  p r o d u c t s  a t  
d i f f e r e n t  pH v a l u e s  w ere  r e p o r t e d  by  Gelman and E sse n  i n  
1 9 5 1 Tr e a t me n t  o f  p o t a s s iu m  t e t r a c h l o r o p l a t i n a t e ( I I )  
w i t h  a l l y l  am ine i n  n e u t r a l  s o l u t i o n  r e s u l t e d  i n  t h e  
i s o l a t i o n  o f  a  compound f o r  w h ich  two m o le c u le s  o f  a l l y l -  
am in e  w ere  com plexed  th r o u g h  p a r t i c i p a t i o n  o f  t h e  d o u b le  
bond .
Cram er h a s  r e p o r t e d  t h e  ex ch an g e  o f  an  e t h y l e n e
m o le c u le  from  t h e  com plex (ac a c )R h (C 2 H ^)2 i n  s o l u t i o n  w i th
1*4-2N, N - b i s ( t r i f l u o r o m e t h y l ) v i n y l a m i n e . However, t h e  m ixed
com plex  {acacjRlUCgH^J^CHg^CHNtCF^Jg] was n o t  i s o l a t e d .
U n s a t u r a t e d  am ines when i n  a c i d  s o l u t i o n ,  t e n d  
t o  f u n c t i o n  a s  m o n o d e n ta te  l i g a n d s  d u e  t o  t h e  f o r m a t io n  o f  
t h e  ammonium c a t i o n  by a d d i t i o n  o f  t h e  p r o t o n  t o  t h e
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n i t r o g e n  atom . F orm ation  o f  th e  m onoden ta te  com plexes
o c c u rs  b e tw een  p l a t i n u m ( I I )  h a l id e s  and th e  z w i t t e r i o n
R^N+ -(GH2) nCH=CH2 i n  d i l u t e  h y d ro c h lo r ic  a c id  s o l u t i o n .
U n s a tu ra te d  amines have  been r e p o r t e d  to  s e r v e  as
b r id g in g  l i g a n d s  o f  mono- and p o ly n u c le a r  com plexes. By
c a r e f d l  n e u t r a l i z a t i o n  o f  th e  z w i t t e r i o n  com plexes below
0°C, th e  tr-bonded o l e f i n i c  ammonium io n s  a r e  c o n v e r te d  to
am ines . The am ine group th e n  s e rv e s  as  a don o r  group to
l4 ’6-l^f-7a n o th e r  complex m o lecu le  th ro u g h  i t s  n i t r o g e n  atom.
The c h a in  l i k e  compounds a r e  very  i n s o l u b l e  and have t h e
g e n e r a l  fo rm u la  [RWHtCHgJ^HsCHgPtClg]^.
C opper h a l id e  complexes o f  a l ly l a m in e  have b een
X'f>0r e p o r t e d  i n  w hich  a 3*1 r a t i o  o f  r e a c t a n t s  i s  o b se rv e d .
These com plexes a r e  v e r y  a i r - s e n s i t i v e  and e a s i l y  l o s e  two 
m oles o f  a l l y l  amine a t  room te m p e ra tu re  to  g iv e  c o l o r l e s s ,  
a i r  s t a b l e  1 :1  com plexes. From h e a t s  o f  fo rm a t io n  and 
i n f r a r e d  s p e c t r a  o f  t h e  complexes i t  was conc luded  t h a t  th e  
a l ly l a m in e  f u n c t io n s  a s  a  b i d e n t a t e  l i g a n d ,  b e in g  c o o rd in ^  
a t e d  to  c o p p e r  b o th  th ro u g h  th e  am ine and th e  C=C d o u b le  
bond . In  t h e  i n i t i a l l y  formed complex two o f  th e  a l l y l  
am ines a p p e a r  to  be c o o rd in a te d  o n ly  th ro u g h  t h e  amine 
g roup  as i n d i c a t e d  by i n f r a r e d  d a t a  o f  two a d d i t i o n a l  
a l ly l a m in e  a b s o r p t i o n s .
V enanzi and w o rk e rs  r e p o r t e d  t h a t  t e r t i a r y  a l l y l i c  
am ines r e a c t  w i th  p a l l a d i u m ( I I )  h a l i d e s  i n  a l c o h o l i c  
s o l u t i o n s  t o  g iv e  com plexes bonded by  a  d -a m in o a lk y l  l i n k -
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1^6 xb7age  and t h e  d -a m in o -d o n o r  bond. * V enanzi a l s o  showed
by  p h y s ic o c h e m ic a l  m easurem en ts  t h a t  t h e  z w i t t e r i o n  
com plexes a r e  t r u e  - r r -o le f in  com plexes o f  t h e  ty p e  
d i s c o v e r e d  by  Z e i s e ,  ( o l e f i n ) P t C l ^  , w i th  no b o n d in g  to  t h e  
ammonium c a t i o n .
T h e re  have  b ee n  s e v e r a l  m a jo r  re v ie w s  c o n c e rn in g  
t h e  r e a c t i o n s  o f  e t h y le n e  and s u b s t i t u t e d  e t h y l e n e s  i n  t h e  
l a s t  few y e a r s  151-15^* ^he  m ost co m p le te  o f  t h e s e  i s
a  monograph by H eb e rh o ld  w h ich  p r o v id e s  a  co m p le te  l i t e r a ­
t u r e  s u rv e y  on m o n o -o le f in  tr-com plexes o f  t r a n s i t io n  m e ta l s
l e t
up t o  1970* S in c e  t h e  a r e a  o f  o r g a n o m e ta l l i c  c h e m is t r y  
i s  so  l a r g e ,  t h i s  re v ie w  has b e e n  co n c e rn ed  o n ly  w i th  th e  
r e a c t i o n s  o f  m e ta l s  w i th  o l e f i n s  s i m i l a r  t o  th o s e  s t u d i e d  a s  
s u b j e c t s  o f  t h i s  D i s s e r t a t i o n .
I t  was o f  i n t e r e s t  t o  u s  t o  a t t e m p t  t h e  p r e p a r ­
a t i o n  o f  a m in o - o l e f in  com plexes in  w hich  t h e  a m in o - f u n c t io n  
was bonded to  t h e  o l e f i n i c  c a rb o n  atom . Such compounds 
a r e  n o t  known. I n  v iew  o f  t h e  e l e c t r o n  d o n a t in g  a b i l i t y  o f  
t h e  a m in o -g ro u p , i t  m ig h t seem t h a t  t h e  o l e f i n - m e t a l  0 -bond  
s t r e n g t h  would be enhanced . B ut o f  c o u r s e ,  a t  t h e  same t im e  
t h e  m e t a l - o l e f i n  ir-bond would b e  e x p e c te d  to  b e  l e s s  s t a b l e .  
J u s t  w hat t h e  n e t  e f f e c t  w ould b e , i t  was hoped, c o u ld  be  
l e a r n e d  from  e x p e r im e n ta t io n .  T h is  work i s  d e s c r i b e d  i n  
S e c t i o n s  VT and V II .
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D. Review o f  M etal N i t r o s y l  Complexes w i th  A c t iv a te d  O le f in s
The c h e m is t ry  o f  t r a n s i t i o n  m e ta l  n i t r o s y l s  has 
been  s t u d i e d  f o r  many y e a rs  and c o n t in u e s  to  be  a  s u b j e c t  
o f  much i n t e r e s t .  T h is  s tu d y  has to  some e x t e n t  fo l lo w ed  
t h e  r i s e  i n  a t t e n t i o n  d ev o ted  to  o rg a n o m e ta l l i c  c h e m is t ry  
e s p e c i a l l y  t h e  s tu d y  o f  m e ta l  c a rb o n y l  com plexes. J u s t  as 
m e ta l  c a rb o n y l  com plexes have shown c a t a l y t i c  a c t i v i t y ,  some 
m e ta l  n i t r o s y l s  a r e  u s e f u l  a s  s e l e c t i v e  homogeneous c a t a ­
l y s t s .  O th e r  n i t r o s y l  com plexes undergo  r e a c t i o n s  a t  t h e  
c o o r d in a te d  n i t r i c  o x id e  t o  g iv e  N-bonded o rg a n ic  
compounds.
S e v e ra l  e x c e l l e n t ,  com prehensive  re v ie w s  on 
t r a n s i t i o n  m e ta l  n i t r o s y l  c h e m is t ry  have been  p u b l i s h e d  i n  
t h e  p a s t  10 y e a r s  w hich p ro v id e d  th e  m a jo r i t y  o f  t h e  in fo rm ­
a t i o n  f o r  t h i s  o v e rv ie w .^56-160 many y  e a r s
p r i o r  to  i 960  th e  p r i n c i p l e  i n t e r e s t  i n  t h e  c h e m is t ry  o f  
n i t r i c  o x id e  was t h e  s y n th e s i z in g  o f  n i t r o s y l  com plexes.
The b o n d in g  o f  n i t r i c  o x id e  to  t r a n s i t i o n  m e ta ls  was
i n i t i a l l y  d e s c r ib e d  a s  in v o lv in g  e i t h e r  N0+ o r  N0“ by
1 6lSidgwicfc i n  193^. Lewis s t r u c t u r e s ,  IX and X, were u sed
8  '• ? *  S P n
N N N
I II I 1< w <*
M M M
l i n e a r
IX
to  p i c t u r e  t h e s e  two methods t h e  n i t r o s y l  bonded to  t h e  
m e ta l  atom . The l i n e a r  and b e n t  modes o f  bond ing  a r e  s t i l l
f txft* SP
it b e n t
X
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u se d  by some i n  d i s c u s s i n g  t h e  c h e m is t ry  o f  t h e s e  com plexes . 
T hese  d e s i g n a t i o n s  a r i s e  from  th e  fo rm a lism  u se d  i n  c o o r d in ­
a t i o n  c h e m is t ry  i n  w hich  t h e  e l e c t r o n  p a i r  i n  t h e  m e ta l -  
l i g a n d  d -bond  i s  a s s o c i a t e d  e n t i r e l y  w i th  t h e  l i g a n d  f o r  t h e  
p u r p o s e  o f  a s s i g n i n g  l i g a n d  c h a rg e  and  m e ta l  o x i d a t i o n  
s t a t e .  The e x i s t e n c e  m e t a l - l i g a n d  tr -b o n d in g  i s  ig n o r e d  i n  
t h e  a s s ig n m e n t  o f  fo rm a l  o x id a t io n  s t a t e ,  b u t  s i n c e  Tr-bond­
i n g  i s  e s s e n t i a l  to  t h e  l i n e a r  mode o f  n i t r o s y l  c o o r d i n a t i o n  
IX, t h e s e  fo rm a lism s  h ave  b e e n  c r i t i z e d  due to  t h e  f a c t  
t h a t  t h e s e  l a b e l s  do n o t  d e s c r i b e  t h e  p h y s i c a l  r e a l i t i e s
1 62o f  c h a rg e  d i s t r i b u t i o n s ,  bond s t r e n g t h s ,  and bond a n g l e s .  
However, fo rm a lism s  o f  t h i s  ty p e  a r e  n o t  m eant to  a c t  as  
s u b s t i t u t e s  f o r  d e t a i l e d  b o n d in g  d e s c r i p t i o n s  b u t  o n ly  a s  
t o o l s  to  a i d  i n  t h e  c o n c e p t u a l i z a t i o n  o f  t h e  p ro b le m .
The o l d e r  b o n d in g  c o n c e p ts  a r e  o f  v a lu e  i n  
c o n s i d e r i n g  changes i n  t h e  t h i n k i n g  c o n c e rn in g  t h e  b o n d in g  
o f  n i t r i c  o x id e .  As w e l l  a s  a c t i n g  a s  a  d o u b ly -  o r  t r i p l y -  
b r i d g i n g  l i g a n d ,  n i t r i c  o x id e  has  b e e n  r e g a r d e d  as  b o n d in g  
t o  a  m e ta l  i n  one o f  t h e  f o l lo w in g  m odes: by d o n a t io n  o f
one e l e c t r o n  from an a n t i - b o n d i n g  n i t r i c  o x id e  o r b i t a l  t o  
t h e  m e ta l  fo l lo w e d  by an  a d d i t i o n a l  e l e c t r o n - p a i r  d o n a t io n  
from  NO : by  d o n a t io n  o f  two e l e c t r o n s  t o  th e  m e ta l  from 
n e u t r a l  NO; and by a c c e p ta n c e  o f  one e l e c t r o n  from  th e  m e ta l  
fo l lo w e d  by  e l e c t r o n  p a i r  d o n a t io n  from  N0~. I n  t h e s e  
t h r e e  c a s e s  n i t r i c  o x id e  f u n c t io n s  a s  a  t h r e e - e l e c t r o n  d o n o r ,  
a  two e l e c t r o n - d o n o r ,  and a  one e l e c t r o n - d o n o r  r e s p e c t i v e l y .
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Analogous to  m e ta l - c a rb o n y l  bonding, c o o r d in a t io n
o f  NO to  t h e  m e ta l  c e n t e r  in v o lv e s  b o th  cr and rr bond ing .
S idgw ick p ro p o sed  t h a t  th e  NO" m o ie ty  was an a lo g o u s  to  th e
h a l i d e  io n  and s t r u c t u r a l l y  s i m i l a r  to  th e  o rg a n ic  n i t r o s o -  
161compounds. The m ost f r e q u e n t ly  e x p ressed  view p r i o r  to  
i 960  was t h a t  t h e  v a s t  m a jo r t iy  o f  n i t r o s y l  com plexes were 
l i n e a r  i n  s t r u c t u r a l  a r ran g em en t.  There  were no d e f i n i t e  
e v id en ce  a v a i l a b l e  to  co n f irm  any o t h e r  s t r u c t u r a l  a r r a n g e ­
ment f o r  metal-NO b o n d ing .
K e t t l e  had s u g g e s te d  t h a t  i n  M(C0}^ system s t h a t  
t h e  m e ta l  would d o n a te  to  d i f f e r e n t  e x t e n t s  to  t h e  c a rb o n y ls  
due to  t h e  two rr o r b i t a l s  o f  each  o f  th e  c a rb o n y l 
l i g a n d s .  J T h is  w i l l  cau se  t h e  M-C-0 a n g le  to  d e v i a t e  from 
l i n e a r i t y .  S i m i l a r l y  Enemark has shown t h a t  even i n  mono- 
n i t r o s y l  s p e c i e s  t h e  M-N-0 bond a n g le  w i l l  d e v i a t e  from
l i n e a r i t y  a s  lo n g  as  t h e  o v e r a l l  symmetry i s  l e s s  th a n  
16^Cy  U s in g  th e s e  r e a s o n in g s  t h e r e  may be r e a s o n s  f o r  th e  
M-N-0 r e l a t i o n s h i p  to  d e v i a t e  from t h e  p r e d i c t e d  a n g le  due 
t o  o th e r  e f f e c t s  th a n  t h e  ch a rg e  a s s ig n e d  to  t h e  n i t r o s y l  
l i g a n d .
I n f r a r e d  a b s o r p t io n s  o f  t h e  n i t r o s y l  s t r e t c h i n g  
f re q u e n c y  were u se d  to  i n f e r  th e  s p e c i f i c  mode o f  bonding  o f  
t h e  n i t r o s y l  to  t h e  m e ta l .  N0+ com plexes were s a i d  to  
a b so rb  in '  t h e  ran g e  o f  1700-1900 cm”1 w h i le  NO” complexes 
w ere s a i d  t o  a b so rb  i n  t h e  r e g io n  o f  1 5 0 0 -1 7 0 0  cm '1 .
N e u tra l  NO com plexes were assumed to  have bonds i n  e i t h e r
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o f  t h e s e  r e g io n s .
In  1967 I b e r s  and Hodgson r e p o r t e d  th e  f i r s t  
s t r u c t u r a l l y  docum ented b e n t  n i t r o s y l  com plex .1 ^  T his 
r e p o r t  confirm ed  t h e  b e n t  model w hich had been  su g g e s te d  
y e a r s  e a r l i e r .  The complex was a  p ro d u c t  o f  NO and 
I rC l(C O )(P h ^ P )2 i n  w hich  th e  i r i d iu m  complex se rv ed  as an 
e l e c t r o n - p a i r  don o r  to  th e  n i t r o s y l  i n  t h e  p ro d u c t  complex 
X I. T h is  r e p o r t  a l s o  e s t a b l i s h e d  t h a t  N0+ cou ld  f u n c t io n
+
/ °
XI
as  e i t h e r  an e l e c t r o n - p a i r  a c c e p to r  o r  an  e l e c t r o n - p a i r  
don o r  w i th  th e  n e c e s s a r y  tr-backbonding . The in f r a r e d  
s p e c t r o s c o p y  n i t r o s y l  s t r e t c h i n g  f re q u e n c y  o f  th e  complex 
a t  1 6 8 O cm- ^ f i t s  v e r y  w e l l  th e  method o f  i n f e r i n g  th e  
geom etry  o f  m e t a l - n i t r o s y l  a n g le  from th e  n i t r o s y l  a b s o rp -  
t i o n  ra n g e s  q u o te d  above. 0 A summary o f  r e p r e s e n t a t i v e  
n i t r o s y l  com plexes and th e  a p p r o p r i a t e  s t r u c t u r a l  and 
i n f r a r e d  d a t a  show v e ry  q u ic k ly  t h a t  th e  method i s  n o t  
c o m p le te ly  i n c l u s i v e .  D ata f o r  f o u r ,  f i v e ,  and s ix  
c o o r d in a t e  m o n o - n i t r o s y l  t r a n s i t i o n  m e ta l  complexes i s  
g iv e n  i n  T ab le  I I I .
I t  i s  a l s o  e a s i l y  s e e n  from T ab le  I I I  t h a t  t h e  two 
b o n d in g  modes o f  n i t r i c  o x id e  not o n ly  r e s u l t  i n  d i f f e r e n t
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TABLE I I I
SELECTED STRUCTURAL AND INFRARED ABSORPTION DATA FOR 
REPRESENTATIVE METAL NITROSYL COMPLEXES
M-N-0 _1
Complexes a n g le . ( d e g )  vNO ^cm  ^ M-N.(-A)
------------------------------- F o u r -C o o rd in a te  Complexes----------------------------
C o(N 0)(C0)2L 1 ? 8 .5 ( 6 ) 169  1756169  1 .7 ^ ( 1 )
Ir(N 0)L ^ 1 8 0 (0 )1?0 1615171  1 .6 7 (2 )
Ni(N0)(N3 )L2 1 5 3 d ) 172  1710172  1 .6 9 ( 1 )
------------------------------- F iv e -C o o rd in a te  Complexes----------------------------
IrCl(NO) (C0)L2+ 1 2 M D 173  1680173  1 .9 7 (1 )
R u(N O )(d iphos)2+ 1 7 6 (1 ) 1?4  l6 ? 3 1?k  1 .7 6 (1 )
IrH(NO)L3+ 1 7 5 (3 ) 17 5  17151 7 5  1 .6 8 (3 )
-------------------------------S ix -C o o rd in a te -Complexes-----------------------------
Cr(CN)5 (NO)3" 176{1 ) 1?6  166017 6  1 .7 1 (1 )
Fe(CN)5 (NO)2 " 1 7 8 (1 ) 177  19391?8  1 . 6 3 ( 2 )
F e (d a s )2 (N0)Cl+ li* 8 (2 ) 179  162018 0  1 . 7
L = Ph3P
M-N-O' a n g le s  b u t  i n  d i f f e r e n t  M-N bond l e n g t h s .  The l i n e a r
mode o f  b o n d in g  v e r y  o f t e n  r e p r e s e n t e d  a s  NO a l lo w s  th e
m e ta l  t o  b a c k -d o n a te  e l e c t r o n s  t o  t h e  o r b i t a l s  c a u s in g
t h e  M-N bond t o  g a i n  c o n s i d e r a b l e  m u l t ip le - b o n d  c h a r a c t e r .
The M-N bond l e n g t h  w i l l  t h e r e f o r e  b e  much s h o r t e r  th a n
t h a t  o f  a  s i n g l e  M-N bond . However, t h e  b e n t  mode o f
b o n d in g  o f  NO-  p r o h i b i t s  t h e  m e ta l  b a c k - d o n a t io n  o f
e l e c t r o n s  and c a u s e s  t h e  M-N bond l e n g t h s  n o t  to  be  as
s h o r t  a s  t h o s e  in  l i n e a r  bonded n i t r o s y l s .  C o n n e l ly  i n  h i s
r e c e n t  r e v ie w  h a s  o b s e rv e d  r a n g e s  f o r  m e t a l - n i t r o g e n  bond
156l e n g t h s  i n  l i n e a r  and  b e n t  modes. The M-N bond le n g th s  
f o r  t h e  l i n e a r  f i v e - c o o r d i n a t e  n i t r o s y l s  f a l l  i n  t h e  r a n g e  
1 .7 8 - 1 .5 7  B en t n i t r o s y l s  w hich  a r e  f i v e - c o o r d i n a t e  l i e  
b e tw een  1 .9 8 - 1 .8 6  A.
E is e n b e rg  r e p o r t e d  t h a t  th e  r e a c t i o n  o f  e h l o r o -  
n i t r o s y l b i s ( t r i p h e n y l p h o s p h i n e ) r u t h e n i u m ( O )  w i th  n i t r o s o n iu m  
t e t r a f l u o r o b o r a t e  p ro d u c e d  a  com plex w hich  c o n ta in e d  two 
n i t r o s y l  s t r e t c h e s  i n  t h e  i n f r a r e d  a b s o r p t i o n  p a t t e r n  
s e p a r a t e d  by  a p p r o x im a te ly  200 cm- 1 . '1' ^  On t h e  b a s i s  o f  t h e  
f a c t  t h a t  t h e r e  w ere  two a b s o r p t i o n s  w h ich  c o u ld  be  
a t t r i b u t e d  to  n i t r o s y l  s t r e t c h i n g  a b s o r p t i o n s  and t h e  f a c t  
t h a t  t h e  com plex would n o t  obey  t h e  "18 e l e c t r o n  r u l e "  i f  
two n i t r o s y l  l i g a n d s  w ere  c o u n te d  a s  t h r e e - e l e c t r o n  d o n o rs ,  
t h e  p r e s e n c e  o f  b o th  NO . and NO was p o s t u l a t e d .  S t r u c t u r a l  
s t u d i e s  showed t h i s  p o s t u l a t e  t o  be  c o n f i rm e d .  Each, 
m o le c u le  was found  t o  b e  s q u a r e  p y ra m id a l  w i th  a  b e n t
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n i t r o s y l  l i g a n d  i n  th e  a p i c a l  p o s i t i o n  and a l i n e a r  n i t r o s y l  
i n  one o f  th e  b a s a l  p o s i t i o n s ,  X II .  Collman, Famham and
clO  ^
X II
and D o l c e t t i  r e p o r t e d  i n d i r e c t  ev id e n c e  f o r  t h e  r e v e r s i b l e
i n t e r c o n v e r s i o n  o f  l i n e a r  and b e n t  n i t r o s y l s  i n  s te reo ch em i-
n Ri i ^
c a l l y  n o n - r i g i d  m o le c u le s .  The r e a c t i o n  o f  [Ru( ^NO)-
G1L2]  w i th  ^N O +BFj^-  y ie ld e d  [Ru(NO)2C1L2] + where th e
la b e l e d  n i t r o g e n  atoms were c o m p le te ly  sc ra m b le d ,  im p ly in g
r a p i d  e q u i l ib r iu m  betw een  t h e  modes o f  n i t r o s y l  b o n d ing .
P i e r p o i n t  and E ise n b e rg  have p ro p o sed  a  mechanism, eq. 20,
182f o r  t h i s  in t e r c o n v e r s io n . .
¥
y *
< 2 0 )
C l
The c o n v e rs io n  o f  N0+ to  N0“ has a l s o  been  demon­
s t r a t e d  by Enemark and F e ltham  w i th  t h e  a d d i t i o n  o f  a
c o o r d in a t in g  a n io n  to  t h e  c o o r d i n a t i v e l y  s a t u r a t e d  Co(NO)-
l S  3( d i a r s ) 2 [ d i a r s  = o - p h e n y le n e b is (d i m e t h y l a r s i n e ) ] .  ^ 
T r a n s f e r  o f  an e l e c t r o n  p a i r  from t h e  m e ta l  t o  t h e  n i t r o s y l ,  
g iv in g  t h e  b e n t  n i t r o s y l  and a  c o o r d in a t io n  s i t e  to  w hich 
th e  a n io n  may bond. The p r o d u c t  [CoI:i:i(N0) ( d i a r s ) 2X]+ [X = 
C l - , B r- , NCS- ] i s  more e a s i l y  r a t i o n a l i z e d  th a n  th e  p ro d u c t
86
o f  t h e  r e a c t i o n  o f  GO w ith  I rC l(N 0 )L 2+ to  g iv e  IrC l(N O )- 
(CO)L2+ i I I I i where t h e  n i t r o s y l  i s  a l s o  b e n t . 1 ^
B aso lo  and M o rris  f i r s t  s u g g e s te d  t h a t  t h e  i n t e r ­
c o n v e rs io n  o f  NO+to  NO” co u ld  p l a y  a  r o l e  i n  t h e  b im o le c u la r
r e a c t i o n  p r o c e s s  o f  Fe(N 0)2 (C0)2 b e in g  s u b s t i t u t e d  by a 
184-l i g a n d  L. Com parison o f  t h i s  sy s tem  w ith  t h e  i s o e l e c t -  
r o n i c  Ni(CO)^ system  which r e a c t s  by a  f i r s t  o r d e r  p ro c e s s  
was th o u g h t  to  be th e  p r e s e n c e  o f  n i t r i c  o x id e  a s  NO . The 
r e a c t i o n  in v o lv e s  a  b im o le c u la r  d is p la c e m e n t  w hich i s  
assumed t o  go th ro u g h  a  f i v e - c o o r d i n a t e  a c t i v e  i n t e r m e d i a t e .  
In  t h i s  i n t e r m e d i a t e  t h e  n i t r i c  o x id e  i s  p o s t u l a t e d  to  be i n  
t h e  N0“ form . T h is  makes a v a i l a b l e  a  v a c a n t  o r b i t a l  o f  low 
en e rg y  on th e  m e ta l  w hich can r e a d i l y  a c c e p t  a  p a i r  o f  e l e c ­
t r o n s  from th e  e n t e r i n g  n u c le o p h i l e .  T h is  u n iq u e  method o f  
a m e ta l  c e n t e r  a q u i r i n g  c o o r d in a t iv e  u n s a t u r a t i o n  open th e  
p o s s i b i l i t y  o f  m e ta l  n i t r o s y l  com plexes h a v in g  c a t a l y t i c  
a c t i v i t y .  S e v e r a l  m e ta l  n i t r o s y l  com plexes have been found 
which c a t a l y z e  r e a c t i o n s  such  as h y d ro g e n a t io n  i s o m e r i z a t i o n ,
d i o l e f i n  d im e r i z a t i o n ,  p o ly m e r iz a t io n ,  and o l ig o m e r iz a -  
1 8 ‘j - l  94t i o n .  ^ However, none o f  t h e  c a t a l y t i c  n i t r o s y l
com plexes d is c o v e r e d  so  f a r  has any  d e f i n i t e  l i n k  between
c a t a l y t i c  a c t i v i t y  and t h e  NO b e n d in g  to  c r e a t e  a  s i t e
162needed  f o r  c a t a l y t i c  c o o r d in a t io n .
T here  have  been  a  few r e p o r t s  i n  t h e  r e c e n t  
l i t e r a t u r e  c o n c e rn in g  t h e  r e a c t i o n s  betw een  t r a n s i t i o n  m e ta l  
n i t r o s y l  com plexes and a c t i v a t e d  o l e f i n s .  B ru n n er  and
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L a s k o t  r e p o r t e d  a v e ry  i n t e r e s t i n g  r e a c t i o n  i n  w hich  £ tt-
C -H X o C C Q ^ l. NO, and c e r t a i n  a lk e n e s  a r e  a l lo w e d  t o  r e a c t .
. 196W ith n o rb o rn e n e  a  c r y s t a l l i n e  s t a b l e  s p e c i e s  i s  i s o l a t e d .  
I n f r a r e d ,  nmr, and mass s p e c t r a l  d a t a  a r e  r e p o r t e d  and i t  i s  
s u g g e s te d  t h a t  t h e  complex has  a  s t r u c t u r e  w i th  a  f i v e  
membered r i n g  t h a t  in c lu d e d  th e  c o b a l t  atom and two b r i d g i n g  
n i t r o s y l s ,  X I I I .  The d im e r  ttr-C^H^Co(N0)]2 i s  p o s t u l a t e d  to
X II I
be  t h e  com plex w hich  r e a c t s  w i th  n o rb o rn e n e  to  form  th e  
i s o l a t e d  s p e c i e s .  T h is  r e a c t i o n  h o ld s  f o r t h  many p o s s i b i l i ­
t i e s  i n  t h e  fo rm a t io n  o f  n i t r o g e n  c o n t a in i n g  o r g a n ic  
com pounds.
D u rin g  t h e  c o u r s e  o f  t h e  work d e s c r ib e d  i n  t h i s  
p o r t i o n  o f  t h e  D i s s e r t a t i o n ,  s e v e r a l  r e p o r t s  o f  r e a c t i o n s  o f  
t r a n s i t i o n  m e ta l  n i t r o s y l s  w i th  a c t i v a t e d  o l e f i n s  have been  
p u b l i s h e d .
Clem ens e t  a l .  have  r e p o r t e d  t h e  r e a c t i o n s  o f
h e x a f lu o ro b u t-2 -y n e  and t e t r a f l u o r o e t h y l e n e  w i th  t r i s ( t r i -
197p h e n y l p h o s p h i n e ) n i t r o s y l  i r i d i u m ( - l ) .  The a c e t y l e n e
m o le c u le  r e a c t e d  w i th  t h e  i r i d i u m  n i t r o s y l  com plex t o  form 
a  com plex whose i d e n t i t y  was e s t a b l i s h e d  by X -ra y  c r y s t a l ­
lo g r a p h y  a s  d i - M - h e x a f l u o r o b u t - 2 - e n y l e n e - b i s - ( c ' i s - t r i -
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p h e n y l p h o s p h i n e ) n i t r o s y l i r i d i u m ( I ) . T e t r a f lu o r o e th y l e n e
r e a c t s  w i th  t h e  same i r i d i u m - n i t r o s y l  cnmplex to  g iv e  a  1 :1
complex w hich  l o s e s  one m o lecu le  o f  t r ip h e n y lp h o s p h in e .
La Monica, N avazio , and S a n d r in i  r e p o r t e d  t h e  r e a c t i o n  o f
M(NO)(Ph^P)^ “ Go, Rh, and I r ]  w i th  q u in o n e s  and some
a c t i v a t e d  o l e f i n s  to  g iv e  p ro d u c ts  o f  fo rm u la  M(N0)(Ph^P)-
198L where L i s  t h e  a c t i v a t e d  o l e f i n  o r  q u in o n e .   ^ F i t z g e r a l d
and L in  r e p o r t e d  th e  r e a c t i o n  o f  a  n i t r o s y l  a n a lo g u e  o f
V a s k s 's  compound [ i rC l(N O )(P h ^ P )g ]+ w i th  t e t r a c y a n o e th y l e n e
199to  g iv e  a  1 :1  com plex. Each o f  th o s e  r e a c t io n 's  w i th  
a c t i v a t e d  o l e f i n s  i s  v e ry  s i m i l a r  to  r e a c t i o n s  o f  i r i d i u m  
n i t r o s y l s  w i th  t e t r a c y a n o e th y l e n e  w hich i s  in c lu d e d  i n  t h e  
work d e s c r ib e d  i n  t h i s  D i s s e r t a t i o n  and t h e r e f o r e ,  f u r t h e r  
comment on t h e s e  r e a c t i o n s  w i l l  be  h e ld  u n t i l  t h e  d i s c u s ­
s io n  s e c t i o n  o f  t h i s  p o r t i o n  o f  th e  work.
P re v io u s  s t u d i e s  i n  t h i s  la b o ra to ry  have d e a l t  
w i th  th e  r e a c t i o n s  of a c t i v a t e d  o l e f i n s  su c h  as  t e t r a c y a n o -  
e th y le n e  and f u m a r o n i t r i l e  w i th  v a r io u s  t r a n s i t i o n  m e ta l  
s u b s t r a t e s ,  and e s p e c i a l l y ,  w i th  m e ta l  c a rb o n y l  com plexes.
I t  was - th e re fo re  o f  i n t e r e s t ,  ih  .view o f  th e  s i m i l a r i t y  o f  
m e ta l  c a rb o n y ls  and m e ta l  n i t r o s y l s  to  examine th e  b e h a v io r  
o f  a c t i v a t e d  o l e f i n s  such  a s  th e s e  tow ard  m etal, n i t r o s y l s .
V I. EXPERIMENTAL -  UNSATURATED COMPOUNDS REACTIONS
A. R e a c t io n s  w ith  C y c l i c ,  P h e n y l - S u b s t i t u t e d  A ro m atic  
K etones
1 . P r e p a r a t i o n  an d  C h a r a c t e r i z a t i o n  o f  P t ( P h ^ P ) 2-
: c 3 (c 6h 5) 2o :
To a 30 ml s o l u t i o n  o f  t e t r a k i s ( t r i p h e n y l p h o s -  
p h in e )p la t in u m (O )  ( 0 .6 2  g ,  0 .5 0  mmol) i n  d ic h lo ro m e th a n e  
a t  room te m p e ra tu r e  was added a  2 : 1  m o la r  ex c ess  o f  
d ip h e n y lc y c lo p ro p e n o n e  ( 0 .2 1  g , 1 . 0  mmol). The r e a c t i o n  
s o l u t i o n  was s t i r r e d  f o r  10 min. M ethano l was added  and 
u n d e r  r e d u c e d  p r e s s u r e  s o l v e n t  was removed u n t i l  p r e c i p i ­
t a t i o n  o c c u r r e d .  Y e llo w -o ra n g e  c r y s t a l s  were rem oved by 
f i l t r a t i o n  and d r i e d  i n  a i r . [ 0 .2 8  g ,  60%\ mp, 15 8 -l6 0 °C  
( d e c ) ] .
A n a l . C a lc d  f o r  C^ H ^ O P g P t : C ,6 6 .2 9 »  H, 4 . 3 6 .
F o u n d :  C, 6 5 . 8 5 ;  H, ^ .7 5 *
I n f r a r e d  (N u jo l )  : 1652  s  (C=dC).
The complex was d i s s o l v e d  i n  to lu e n e  and h e a te d  
to  r e f l u x  f o r  0 . 5  h r  w i t h  no change i n  th e  1652  cm- '*' a b s o rp ­
t i o n  i n  an  e f f o r t  t o  d e c a r b o n y la t e  t h e  complex. The 
s o l u t i o n s  d a rk e n e d  u n t i l  t h e  com plex decomposed c o m p le te ly .  
T h ere  was no s p e c t r a l  e v id e n c e  o f  d e c a r b o n y la t i o n  o f  th e  
com plexed k e to n e .
A m ix tu re  o f  t h e  new com plex and e x c e s s  d ip h e n y l ­
c y c lo p ro p e n o n e  i n  d ic h lo ro m e th a n e  p ro d u c e d  a deep p u r p l e  -
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s o l u t i o n .  An i n f r a r e d  sp e c tru m  o f  t h e  s o l u t i o n  m ix tu r e  was 
i d e n t i c a l  t o  a s u p e r p o s i t i o n  o f  s p e c t r a  o f  t h e  two com­
p o n e n ts .  A tte m p ts  t o  i s o l a t e  a  new complex from  t h e  m ix tu re  
were n o t  s u c c e s s f u l .
A d ic h lo ro m e th a n e  s o l u t i o n  o f  t h e  new  com plex was 
s a t u r a t e d  w i th  c a rb o n  monoxide i n  an  a t t e m p t  t o  c a r b o n y l a t e  
t h e  com plex . A f t e r  an  h o u r  t h e r e  was no change i n  t h e  
i n f r a r e d  sp e c tru m  o f  t h e  complex to  i n d i c a t e  c a r b o n y l a t i o n .
2. R e a c t io n  o f  Q l r ( d i p h o s ) 2]C1 w i th  D ip h e n y lc y c lo -  
p ro p e n o n e
Orange c r y s t a l s  o f  b i s ( l , 2 - d i p h e n y l p h o s p h i n o -  
e t h a n e ) i r i d i u m ( I )  c h l o r i d e  ( 0 .2 6  g , 0 .2 5  mmol) d i s s o l v e d  in  
25  ml o f  d ic h lo ro m e th a n e  w ere m ixed w i th  a  10  ml d i c h l o r o ­
m ethane s o l u t i o n  o f  d ip h e n y lc y lc o p ro p e n o n e  (O .0 5 1  g ,  0 .2 5  
mmol). The r e a c t i o n  s o l u t i o n  was s t i r r e d  f o r  1 h r  and 
to lu e n e  ad d e d . U nder re d u c e d  p r e s s u r e  s o l v e n t  was removed 
from th e  f l a s k  and t h e  d ry  r e s i d u e  r e c o v e re d .
A n a l . C a lc d  f o r  C ^ H ^ C l I r O P ^ i  C, 65-30* H,
4 . 7 if. Found: C, 6 0 .6 9 ;  H, 5*06.
I n f r a r e d  ( N u j o l ) : 1622 m b r .
The a n a l y t i c a l  d a t a  a r e  v e ry  c l o s e  t o  t h a t  r e q u i r e d , ,  
f o r  t h e  i n i t i a l  i r i d i u m  complex b e f o r e  r e a c t i o n ,  how ever, 
t h i n  l a y e r  ch ro m a to g rap h y  showed t h e  p ro d u c t  t o  b e  a  
d i f f e r e n t  compound.
3 . A tte m p te d  r e a c t i o n  o f  IrH (C O )(Ph^P )^  and D ip h e n y l-
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c y c lo p ro p  enone
Yellow c r y s t a l s  o f  h y d r i d o c a r b o n y l t r i s ( t r i p h e n y l - 
p h o s p h in e ) i r id i u m ( I )  ( 0 .5 0  gi O.5 0  mmol) were d i s s o lv e d  i n  
d ic h lo ro m e th a n e  and s o l i d  d ip h e n y lc y c lo p ro p e n o n e  ( 0 .2 0  g,
1 . 0  mmol) was added w i th  s t i r r i n g .  The te m p e ra tu re  o f  th e  
r e a c t i o n  was r a i s e d  to  ^5°C f o r  1 h r .  A l l  s o l v e n t  was 
removed u n d e r  red u ce d  p r e s s u r e .  I n f r a r e d  a n a l y s i s  o f  th e  
r e s i d u e  i n  a  N u jo l m u ll  showed o n ly  ev id e n ce  f o r  th e  
p r e s e n c e  o f  t h e  two r e a c t a n t s  and no new com plexes.
A ttem pted  R e a c t io n  o f  IrC l(C O ) (Ph^P ) 2 311(1 D ip h en y l­
c y c lo p ro p  enone
V a sk a 's  compound (O.3 9  g ,  0 .5 0  mmol) was d is s o lv e d  
i n  a  minimum amount o f  benzene  (80 ml) u n d e r  n i t r o g e n .
D ip en y lc y c lo p ro p e n o n e  ( 0 .1  .g, 0 . 5  mmol) was added to  t h e  
s o l u t i o n  and th e  m ix tu re  s t i r r e d  o v e r n ig h t .  I n f r a r e d  
a n a l y s i s  o f  th e ,b e n z e n e  s o l u t i o n  showed t h a t  t h e r e  had been 
no  r e a c t i o n .  The m ix tu re  s t i r r e d  i n  an u l t r a v i o l e t  expo­
s u r e  chamber f o r  b  h r  and a g a in  an i n f r a r e d  a n a l y s i s  o f  th e  
s o l u t i o n  was r e c o rd e d  w hich showed t h a t  no r e a c t i o n  had 
occurred*
5 . R e a c t io n  o f  Pd(P h^P ) 2 w i th  D ip h en y lcy c lo p ro p en o n e  
T e t r a k i s ( t r i p e n y l p h o s p h i n e ) p a l l a d i u m ( 0 ) (0 .6 2 5  g» 
0 .5 0  mmol) was d i s s o lv e d  i n  a  minimum amount o f  d i c h l o r o ­
m ethane (^0 ml) u n d e r  n i t r o g e n .  S o l id  d ip h e n y lc y c lo p ro -  
penone (0 .1 0  g , 0 .5 0  mmol) was added w i th  s t i r r i n g .  The 
s o l u t i o n  was l e f t  o v e r n ig h t .  M ethanol was added and u n d e r
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red u ce d  p r e s s u r e  s o lv e n t  removed u n t i l  a  y e l lo w  s o l i d
p r e c i p i t a t e d  []0 . 2  g,  mp, 2 5 5 - 2 7 5 °c ( d e c ) ] -
A n a l . C alcd  f o r  C ^ H ^ O P ^ d : C, 73-12: H, '+.77.
Found: Cf 55-70;  H, ^.*+3.
I n f r a r e d  (N u jo l ) :  1650  m b r .
On s t i r r i n g  th e s e  compounds f o r  1 h r  u n d e r  th e  
same c o n d i t i o n s ,  a  l i g h t  y e l lo w  s o l i d  p r e c i p i t a t e d .  T h is  
was f i l t e r e d  and d r i e d  u n d e r  vacuum. The i n f r a r e d  spec trum
o f  a  N ujo l m u ll  o f  t h i s  s o l id  showed no band i n  t h e  1600-1700 
-1cm r e g io n  i n d i c a t i v e  o f  r e a c t i o n  w ith  th e  c y c l i c  k e to n e .  
The p ro d u c t  was n o t  c h a r a c t e r i z e d .
6 . A tempted R e a c t io n  o f  IrH(CO)2 (Ph^P ) 2 w i th  D ip h en y l-  
cy c lo p  rop  enone
Yellow c r y s t a l s  o f  h y d r i d o c i c a r b o n y l b i s ( t r i p h e n y l - 
p h o s p h in e ) i r id i u m ( I )  (O.7 8  g ,  1 .0  mmol) was d i s s o lv e d  i n  
100  ml o f  benzene  and d ip h e n y lc y c lo p ro p e n o n e  ( 0 .3 0  g ,  1 . 5  m 
mmol) was added. The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  0 .5  h r  
a t  60°C. Under red u ce d  p r e s s u r e  a l l  s o lv e n t  was removed 
and th e  r e s i d u e  r e d i s s o l v e d  i n  d ic h lo ro m e th a n e .  M ethanol 
was added and a g a in  u n d e r  red u ced  p r e s s u r e  s o l v e n t  was r e ­
moved u n t i l  p r e c i p i t a t i o n  o c c u r re d .  The yellow -brow n 
s o l i d  when a n a ly z e d  i n  a  N u jo l m ull by i n f r a r e d  s p e c t r o ­
scopy  was i d e n t i f i e d  a s  a  m ix tu re  o f  th e  two r e a c t a n t s .
T here  was no r e a c t i o n .
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7 . A ttem pted  R e a c t io n  o f  P t(P h ^ P )^  w i th  T e t r a p h e n y l-  
c y c lo p e n ta d  i  enon e
To a 60 ml s o l u t i o n  o f  t e t r a k i s ( t r i p h e n y l p h o s -  
p h in e )p la t in u m (O )  .(1.2 g ,  1 .0  mmdl) in  d ic h lo ro m e th a n e  was 
added s o l i d  t e t r a p h e n y lc y c lo p e n ta d ie n o n e  (O.7 6  g , 2 .0  mmol). 
The s o l u t i o n  was. s t i r r e d  f o r  1 h r .  M ethanol was added and 
u n d e r  red u ce d  p r e s s u r e  a l l  s o lv e n t  was removed. The r e s id u e  
was c o l l e c t e d  when d ry  and a n a ly z e d  by i n f r a r e d  s p e c t r o ­
scopy  as  a  N u jo l m u ll .  The sp ec tru m  showed th e  a b s o r p t io n s  
o f  t h e  r e a c t a n t s  w i th  no new o r  d i f f e r e n t  p e a k s .  There  
was no r e a c t i o n .
8 .  A ttem pted  R e a c t io n  o f  p t ( P h  P ) j ,  w ith  2 , 5 -D im eth y l-
3 *
3 i^ -d ip h e n y lc y c lo p e n ta d ie n o n e
T e t r a k i s  t r ip h e n y lp h o s p h in e ) p la t in u m (0) (1 .2  g, 1 .0  
mmol) was d i s s o lv e d  i n  60 ml o f  d ic h lo ro m e th a n e  and s o l i d  
2 , 5 - d im e th y l - 3 .^  d ip h e n y lc y c lo p e n ta d ie n o n e  (0 .5 0  S» 2 *0 mmol). 
The s o l u t i o n  was s t i r r e d  f o r  0 . 5  h r  and m ethano l was added. 
Under red u ce d  p r e s s u r e  a l l  s o lv e n t  was removed . The 
r e s i d u e  was a n a ly z e d  by i n f r a r e d  s p e c t ro s c o p y  and th e  
sp ec tru m  showed o n ly  t h e  a b s o r p t io n s  o f  th e  r e a c t a n t s .
There was no r e a c t i o n .
9 . A ttem pted  R e a c t io n  o f  P t(P h ^ P )^  w i th  C y c lo h ep ta -  
t r i e n o n e
. A 3° ml s o l u t i o n  o f  t e t r a k e s ( t r ip h e n y l p h o s p h in e ) - 
p la tin u m (O ) ( 0 .6 2  g ,  0 .5 0  mmol) i n  d ic h lo ro m e th a n e  was
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a d d e d  t o  c y c l o h e p t a t r i e n o n e  ( 0 , 6 5  g'» 6 . 1  m m ol). The 
s o l u t i o n  was s t i r r e d  f o r  0 . 5  h r .  M e th a n o l  was a d d e d  and 
u n d e r  r e d u c e d  p r e s s u r e  s o l v e n t  w as rem o v e d  u n t i l  p r e c i p i ­
t a t i o n  o c c u r r e d .  The y e l l o w  s o l i d  was a n a l y z e d  a s  a  N u jo l  
m u l l  a n d  t h e  f i l t r a t e  a s  a  s o l u t i o n  s p e c t r a l l y  b y  i n f r a r e d  
s p e c t r o s c o p y .  The s o l i d  w as i d e n t i f i e d  a s  t h e  s t a r t i n g  
p l a t i n u m  c o m p le x  a n d  t h e  s o l u t i o n  s p e c t r u m  was t h a t  o f  t h e  
r e a c t a n t  c y c l i c  k e t o n e .  T h e r e  was n o  r e a c t i o n .
1 0 . A tte m p te d  R e a c t io n  o f  P t(P h ^ P )^  and N - a c e ty l -  
d ip h e n y lc y c lo p ro p  enoxime
T e t r a k i s ( t r i p h e n y lp h o s p h i n e ) p l a t i n u m ( O )  (0 ,6 2  g ,
0 .5 0  mmol) was d i s s o l v e d  i n  a  minimum amount o f  d i c h l o r o ­
m ethane (40 m l)u n d e r  n i t r o g e n .  N - a c e ty ld ip h e n y lc y c lo p r o -  
penoxim e (0 .2 5  g» 1*0 mmol) was added w i th  s t i r r i n g .  The 
s o l u t i o n  was s t i r r e d  f o r  1 h r .  Under red u ce d  p r e s s u r e  a l l  
s o l v e n t  was removed and th e  r e s i d u e  was r e c r y s t a l l i z e d  from
t
d ic h lo ro m e th a n e /m e th a n o l /c y c lo h e x a n e  t o  g iv e  w h i t e  c r y s t a l s .
A n a l . C a lc d  f o r  C3oH2i(P2P t*  C, 5 ^ . 7 0 ;  H, 3 . 7k.  
Found* 0 , 5 2 . 1 9 ;  H, 3-7*+.
The i n f r a r e d  s p e c t r a  o f  t h e  w h i te  s o l i d  showed no bands 
w hich  c o u ld  n o t  b e  a c c o u n te d  f o r  by th e  p r e s e n c e  o f  t r i ­
p h e n y lp h o s p h in e .  T here  was no n i t r o g e n  found  i n  t h e  e lem en­
t a l  a n a l y s i s  and  a  v e ry  low  c a rb o n  p e r c e n t a g e .  The 
p e r c e n ta g e s  a r e  f o r  a p la t in u m - p h o s p h in e  complex r e p o r t e d
4.T 2 0 0r e c e n t l y .
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B. R e a c tio n s  w i th  A m ino-E thylenes
1 . R e a c t io n  o f  P ttC gH ^)(P h^P ) 2 w i th  1 , 1 -D iam ino- 2 , 2 - 
d icyano  e th y le n e
The w h ite  s o l i d  b i s ( t r i p h e n y l p h o s p h in e ) e t h y le n e -  
p la tin u m (O ) 0 ,1 8 6  g , 0 .2 5  mmol) was d i s s o lv e d  in  30 ml o f  
benzene  u n d e r  n i t r o g e n .  S o l id  c r y s t a l s  o f  l ( l - d i a m in o - 2 , 2 -  
d ic y a n o e th y le n e  (0 .2 7  g» 0 .2 5  mmol) w ere added w ith  s t i r r i n g .  
A ce tone  (5 ml) was added t o  e f f e c t  s o l u t i o n  o f  th e  s u b s t i ­
t u t e d  e th y le n e  compound. A f t e r  1 h r  s o l v e n t  was removed 
u n d e r  reduced  p r e s s u r e  u n t i l  a  p r e c i p i t a t e  formed i n  
s o l u t i o n .  The o f f - w h i t e  s o l i d  was f i l t e r e d  and washed w ith  
hexane and d r i e d  £0 .08  g ,  kOfo; mp, 190-19^°C (dec)] . ,
A n a l . Calcd f o r  Cj^H^QN^PgPt: C, 6 0 .9 9 ; H, ^ .^ 5 !
N, 6 .1 9 .  Foundt C, 60.A1; H, ^ . l ^ j  N, 6 . 8 3 .
I n f r a r e d  ( N u jo l ) t  3325 w (N-H), 2193 m (ON),
2170 s (CN), 215^ w sh , 1638  s ,  1535 s .
NMR (CDCl^)* 7 .3 5  b r  m u l t i p l e t ,  2 .68  w, 1 .4 5  w.
R e c r y s t a l l i z a t i o n  o f  th e  o f f - w h i t e  s o l i d  from 
d ic h lo ro m e th a n e /m e th a n o l  y i e ld e d  a y e l lo w  s o l i d ,  mp, 1 9 0 *- 
19 5°C .
A n a l . Found: C, 52 .82 ; H, 3 -9 2 ; N, 6 . 0 3 .
I n f r a r e d  ( N u jo l ) :  3352 w, 2190 s ,  2170 s ,  2160
s h ,  1620 m, 1595  s ,  1538 m.
The i d e n t i c a l  r e a c t i o n  was  r e p e a te d  e x c e p t  t h a t
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m ethano l was added  to  d i s s o l v e  th e  e th y le n e  compound. A 
y e l lo w  s o l i d  v e r y  s i m i l a r  to  th e  r e c r y s t a l l i z e d  p r o d u c t  
above was i s o l a t e d ,  mp, l 6 5 *17 iJ-0C-
A n a l . Found! C, 52 .93 ; H, 318^; N, 5-5^- 
I n f r a r e d  (N u jo l) :  3322 w, 2185 m, 2160  s ,  1610 m,
1532 s .
2. R e a c t io n o f  P t(P h ^ F )^  w ith  l , l - D ia m in o - 2 ,2 ~ d ic y a n o -  
e th y le n e
T e t r a k i s ( t r ip h e n y lp h o s p h in e ) p la t i n u m ( 0 )  (0 .6 2  g, 
0 . 5 0  mmol) was d i s s o lv e d  i n  a  minimum amount o f  benzene 
(50  ml) u n d e r  n i t r o g e n .  W hite n e e d le s  o f  1 , l - d i a m i n o - 2 ,2- 
d ic y a n o  e th y l  ene  (O.OS1!- g ,  O.5 0  mmol) were added i n  5 ml o f  
d ic h lo ro m e th a n e .  The s o l u t i o n  was s t i r r e d  f o r  1 h r .  Under 
red u c e d  p r e s s u r e  s o lv e n t  was removed u n t i l  p r e c i p i t a t i o n  
o c c u r re d .  A ye llow -brow n  s o l i d  ( 0 . 1  g , mp, 250-300°c ) W£ls 
f i l t e r e d  and d r i e d  under  vacuum f o r  0 . 5  h r .
A n a l.  C, 3 6 . 8A; H, 3 -65; n ,  6126 .
I n f r a r e d  (N u jo l ) :  3335 w 3325 w b r ,  2175 s >
I 630  s ,  1590 s .
3 . A ttem p ted  R e a c tio n  o f  trans-MX(CO) (Ph^P ) 2 [M * I r ;  
X = C l ,  F: M = Rh; X = C l]  w i th  1 , 1 -D ia m in o -2 ,2 -  
d icy an o  e th y le n e
T ra n s - c h lo ro c a rb o n y l  b i s ( t r ip h e n y lp h o s p h in e ) -  
i r i d i u m ( I )  ( 0 . 3 9  g , 0 .5 0  mmol) was d i s s o lv e d  i n  60 ml o f
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benzene u n d e r  n i t r o g e n .  S o l id  1 , l - d i a m i n o - 2 ,2 - d ie y a n o e th y l ­
ene (0 .1 0 8  g ,  1 .0  mmol) was added w i th  5 ml o f  d i c h l o r o ­
m ethane to  e f f e c t  s o l u t i o n  o f  t h e  e th y le n e  compound. The 
r e a c t i o n  s o l u t i o n  was s t i r r e d  f o r  1 h r .  Under red u ce d  
p r e s s u r e  s o l v e n t  was removed u n t i l  p r e c i p i t a t i o n  o c c u r re d .  
The y e l lo w  s o l i d  was a n a ly z e d  by i n f r a r e d  s p e c t ro s c o p y  
and was shown to  be a  m ix tu re  o f  th e  r e a c t a n t s . There was 
no r e a c t i o n .
S o l id  t r a n s - f l u o r o c a r b o n v l b i s ( t r ip h e n y lp h o s p h in e ) - 
i r i d i u r a ( I )  (0 .3 8 2  g , 0 .5 0  mmol) was d i s s o lv e d  i n  80 n l  o f  
benzene u n d e r  n i t r o g e n .  A s o l u t i o n  o f  1 , l - d i a m i n o - 2 ,2- 
d ic y a n o e th y le n e  ( 0 .5 ^  g , 0^5 0  mmol) i n  d ic h lo ro m e th a n e  
was added w i th  s t i r r i n g .  A f t e r  1 h r  s o l v e n t  was removed 
u n d e r  red u ce d  p r e s s u r e  u n t i l  p r e c i p i t a t i o n  o c c u r re d .
An i n f r a r e d  sp ec tru m  showed t h i s  s o l i d  to  be  a  m ix tu re  o f  
t h e  r e a c t a n t s .  T here  was no r e a c t i o n .
A 50 ml s o l u t i o n  o f  c h l o r o c a r b o n y lb i s { t r i p h e n y l ­
p h o sp h in e )  rhodium ( I )  ( O . I 72 g ,  0 .2 5  mmol) i n  benzene was 
mixed w i th  a  10  ml d ic h lo ro m e th a n e  s o l u t i o n  o f  1 , 1 -d iam in o -  
2 ,2 - d ic y a n o e th y le n e  (0 .1 0 8  g, 1 mmol) u n d e r  n i t r o g e n .  The 
r e a c t i o n  s o l u t i o n  was h e a te d  to  80°C and s t i r r e d  f o r  1 h r .  
Hexane was added and u n d e r  red u ce d  p r e s s u r e  s o l v e n t  was 
removed u n t i l  p r e c i p i t a t i o n  o c c u r re d .  An i n f r a r e d  spec trum  
o f  t h e  y e l lo w  s o l i d  r e v e a le d  i t  to  b e  a  m ix tu re  o f  t h e  
r e a c t a n t s .  T here  was: no r e a c t i o n .
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4 ,  R e a c t io n  o f  RhG l(Ph^P)^ w i th  l , l - D ia m in o - 2 ,2 ~  
d i  cyano e th y le n e
Burgandy c r y s t a l s  o f  c h l o r o t r i s ( t r i p h e n y l p h o s p h i n e ) -  
rh o d iu m (I)  ( 0 .2 3  g ,  0 .2 5  mmol) w ere  d i s s o l v e d  i n  60 ml o f  
b en z en e  u n d e r  n i t r o g e n .  W hite  c r y s t a l s  o f  1 , l - d i a m i n o - 2 , 2- 
d ic y a n o e th y le n e  ( 0 .0 2 7  g f 0 .2 5  inmol) w ere d i s s o lv e d  i n  5 ml 
o f  d ic h lo ro m e th a n e  and added w ith  s t i r r i n g  to  t h e  rhodium  
com plex s o l u t i o n .  A f t e r  1 h r  hexane  was added  to  i n i t i a t e  
p r e c i p i t a t i o n .  A l i g h t  o ra n g e  s o l i d  [ 0 .0 7  g ;  mp, l40-240°C  
( d e c ) ] .w a s  c o l l e c t e d  by f i l t r a t i o n  and d r i e d  u n d e r  vacuum 
f o r  1 h r .
A n a l . C a lcd  f o r  C^gH^N^P^Rh* C, 6 9 .8 1 ;  H, 4 .9 5 ;  
N, 5 -6 2 .  Found* C, C, 6 2 .4 6 ;  H, 4 .6 3 ;  N, 5 . 6 5 .
I n f r a r e d  (N u jo l)*  3330  w, 2204 s h ,  2180 s ,  1615
m, 1530 m.
5. R e a c t io n  o f  P t (P h ^ P )^  tv ith  D ia m in o m a le o n i t r i l e
Yellow c r y s t a l s  o f  t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) - 
p la t in u m (O )  ( 1 . 1 3  g* 0 .8 5  mmol) w ere  d i s s o l v e d  i n  a minimum 
amount (60 ml) o f  b en z en e  u n d e r  n i t r o g e n .  D iam inom aleo­
n i t r i l e  ( 0 . 9 0  g ,  0 .8 5  mmol) was d i s s o l v e d  i n  5 ml o f  e th a n o l  
and t h i s  s o l u t i o n  added t o  t h e  m e ta l  complex s o l u t i o n .
A f t e r  1 h r  o f  s t i r r i n g  s o l v e n t  was removed u n d e r  re d u c e d  
p r e s s u r e  and a  b r i g h t  o ra n g e  p r e c i p i t a t e  i s o l a t e d  [ 0 . 3  g ;  
36^ ;  mp,2 5 0  -3 0 0 °C ( d e c ) ]  and  d r i e d .
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A n a l.  C a lcd  f o r  C ^ H ^ N ^ P  P t :  C, 6 0 . 9 8 ; H, 4 .4 5 ;
N, 6 .1 8 .  Found: G, 61 .6?.; H, 4 .2 5 ;  N, 5 -9 8 .
I n f r a r e d  ( N u j o l ) :  3393 w (N-H ), 2194-2185 s (GN),
1569 s (C=C).
6 . R e a c t io n  o f  P t ( C 2 H ^)(Ph^P ) 2 w i th  D ia m in o m a le o n i t r i l e
B i s ( t r i p h e n y l p h o s p h i n e ) e t h y l e n e p l a t i n u m ( O ) ( O . I 87 
g , 0 . 2 5  mmol) was d i s s o l v e d  i n  a  minimum am ount (3 0  ml) o f  
b en zen e  u n d e r  n i t r o g e n .  A 5 ml e th a n o l  s o l u t i o n  o f  d ia m in o ­
m a l e o n i t r i l e  (0 .0 2 ?  g» 0 .2 5  mmol) was ad d ed . A f t e r  0 . 5  h r  
o f  s t i r r i n g ,  t h e  s o l v e n t  was removed u n d e r  re d u c e d  p r e s s u r e  
and an o ra n g e  s o l i d  p r e c i p i t a t e d .  The s o l i d  [ 0 .0 6  g , mp,
1 2 2 -124'°C ( d e c ) ]  was f i l t e r e d  and d r i e d  u n d e r  vacuum f o r  0 .5  
h r .
A n a l . C a lcd  f o r  C ^ H ^ N ^ P g P t : C, 5 8 .0 4 ;  H ,4 .0 4 ;
N, 6 . 7 7 . Found: C, 5 1 .8 3 ;  H, 3*64; N, 5 .O7 .
I n f r a r e d  ( N u j o l ) :  3390 w, 2198-2177 s ,  I 635  w,
1558 m.
R e c r y s t a l l i z a t i o n  r e s u l t e d  i n  s o l i d s  w hich  gave  
t h e  same i n f r a r e d  d a t a  b u t  d i f f e r e n t  a n a l y t i c a l  d a t a  
i n d i c a t i n g  p a r t i a l  l o s s  o f  t h e  c o o r d in a te d  e t h y l e n e  l i g a n d .
7 . R e a c t io n  o f  P t(C O )(P h ^ P )2 w ith  D ia m in o m a le o n i t r i l e
B i s ( t r i p h e n y l p h o s p h i n e ) d i c a r b o n y l p l a t i n u m ( 0) (0 .1 9 5  
g , 0 . 2 5  mmol) was d i s s o l v e d  i n  a  minimum am ount (2 5  ml) o f  
d ic h lo ro m e th a n e  u n d e r  n i t r o g e n .  D ia m in o m a le o n i t r i l e  (0 .0 2 7
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g , 0 .2 5  mmol) was d i s s o lv e d  i n  5 ml o f  e th a n o l  and th e  
s o l u t i o n s  were mixed a t  room te m p e ra tu re .  The s o l u t i o n  
tu r n e d  a  d a rk  brown on a d d i t i o n  o f  t h e  e th y le n e  l i g a n d .
A f t e r  1 h r  s o l v e n t  was removed u n d e r  red u ced  p r e s s u r e  and a 
red -b ro w n  s o l i d  £ 0 .0 ^  g ;  mp, 2 5 0 -3 0 0 ° c ( d e c ) ]  was i s o l a t e d .
A nal. Found: C, 5 2 .7 5 ; H, 3.64-; N, ^ . 5 0 .
I n f r a r e d  (N u jo l ) :  3385 w, 2189-2178 s ,  1640s b r ,
1558 m.
R e c r y s t a l l i z a t i o n  from d ic h lo ro m e th a n e /m e th a n o l  
y i e ld e d  a  brown amorphous s o l i d  w hich e x h ib i t e d  d i f f e r e n t  
p h y s i c a l  c h a r a c t e r i s t i c s .
A nal. Found: 5 ^ .2 2 ;  H, 3 -72 ; N, 3 .2 8 .
I n f r a r e d  (N u jo l ) :  2257 s ,  2130 w.
8. R e a c t io n  o f  IrX(GO)(Ph^P)g [X = C l ,  B r, I ]  w i th  
Di am inom aleoni t r i l e
To a  50 ml s o l u t i o n  o f  t r a n s - c h i o r o c a r b o n v lb i s -  
( t r ip h e n y lp h o s p h in e ) i r id iu m ( I )  (O .I 95  g , 0 .2 5  mmol) was added 
a 5 ml e th a n o l  s o l u t i o n  o f  d ia m in o m a le o n i t r i l e  ( 0 . 02? g, 
0 .2 5  mmol). The s o l u t i o n  was s t i r r e d  f o r  0 . 5  h r  a t  80°C 
u n d e r  n i t r o g e n .  The o r i g i n a l  b f i g h t  y e l lo w  s o l u t i o n  had 
changed a f t e r  a d d i t i o n - o f  th e  e th y le n e  l ig a n d  to  a  d a rk  
brown. Under red u ce d  p r e s s u r e  a  b la c k  t a r  was r e c o v e re d .  
D ich lo ro m e th an e  was added to  d i s s o l v e  th e  t a r  and p e t ro le u m  
e t h e r  was added t o  ca u se  p r e c i p i t a t i o n .  A b ro w n -b lack  
s o l i d  ( 0 .0 9  g) was f i l t e r e d  and d r i e d .
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I n f r a r e d  ( N u jo l ) :  38^8 w.221^ m, 2171 m, 2050 w,
1 9 ^5  s .  162^ s ,  1560  s h ,  312 w.
R e c r y s t a l l i z a t i o n  o f  t h e  "black s o l i d  w i th  d i c h lo r o -  
m e th a n e /p e tro le u m  e t h e r  y ie ld e d  t h e  two s t a r t i n g  m a te r i a l s  
"but no new com plex.
T h is  r e a c t i o n  was r e p e a te d  w ith  t h e  bromo-and 
io d o -a n a lo g u e s  to  V aska’ s compound w i th  th e  same r e a c t i o n  
c o n d i t io n s  and t im e . T here  was no ev id en ce  o f  any r e a c t i o n  
w i th  th e s e  m e ta l  complexes,.
9 . A ttem pted  Reac t i o n  o f  IrH(CO) (Ph^P)^ w i th  Diam ino­
m a l e o n i t r i l e
B r i g h t  y e l l o w  c r y s t a l s  o f  h y d r i d o c a r b o n y l t r i s -  
( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I )  ( 0 . 2 5  g» 0 . 2 5  mmol) w e re  
d i s s o l v e d  i n  a  minimum am ou n t o f  d i c h l o r o m e t h a n e  (^ 0  m l ) .  
E x c e s s  d i a m i n o m a l e o n i t r i l e  ( 0 .1 3 5  g» 1 .2 5  mmol) was d i s s o l v e d  
i n  1 5  ml o f  m e th a n o l  a n d  a d d e d  t o  t h e  y e l lo w  i r i d i u m  s o l u ­
t i o n .  The m i x t u r e  was s t i r r e d  f o r  1 h r  a t  50 °C . U n d e r  r e d  
r e d u c e d  p r e s s u r e  a  s o l i d  was o b t a i n e d  w h ich  w hen a n a l y z e d  
b y  i n f r a r e d  s p e c t r o s c o p y  was shown t o  b e  a  m i x t u r e  o f  t h e  
r e a c t a n t s .  T h e r e  was n o  r e a c t i o n .
10. A ttem pted  R e a c t io n  o f  RlnGL(CO) (Ph^p)^ w i th  Diam ino­
m a l e o n i t r i l e
C h lo ro c a rb o n y lb is  ( t r ip h e n y lp h o s p h in e )  rhodium ( I )
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( 0 .1 7  g* 0 . 2 5  mmol) was d is s o lv e d  i n  40 ml o f  benzene and 
added to  a  10  ml s o l u t i o n  o f  d ia m in o m a le o n i t r i l e  (0 .1 3 5  g . 
1 ,2 5  mmol) i n  e th a n o l .  The s o l u t i o n  was s t i r r e d  f o r  1 h r  
a t  60°C. Under red u ce d  p r e s s u r e  s o l v e n t  was removed u n t i l  
a p r e c i p i t a t e  was form ed. The yellow -b row n  s o l i d  was shown 
to  b e  a m ix tu r e  o f  th e  r e a c t a n t s  by  i n f r a r e d  s p e c t r o s c o p y .  
T h ere  was no r e a c t i o n .
11. R e a c t io n  o f  RhCl(Ph^P)^ w i th  D ia m in o m a le o n i t r i l e
C h l o r o t r i s (  t r ip h e n y lp h o s p h in e )  rhodium( I )  ( 0 , 2 3  g ,
0 .2 5  mmol) was d i s s o lv e d  i n  a  minimum amount (30  ml) o f  
d i c h lo r o  m ethane . D ia m in o m a le o n i t r i l e  (0 .027  gi 0 .2 5  mmol) 
was d i s s o lv e d  i n  a  minimum amount (5  ml) o f  m ethano l. The 
s o l u t i o n s  w ere  mixed f o r  1 h r .  U nder reduced  p r e s s u r e  
s o l v e n t  was s lo w ly  removed to  g iv e  s h in y  g re e n  c r y s t a l s  
[ 0 . 2  g, mp, 118-120°C ( d e c ) ] .
A n a l . C alcd  f o r  C ^H ^C lN ^PgR h: C, 6 2 .3 3 ; H, 4 .
4 .4 1 ;  N, 7 . 2 7 . Found: C, 6 2 . 6 7 ; H, 4 .4 4 ;  N, 5-33-
I n f r a r e d  (N u jo l)  : 3220 w, 2204 m, 1610-1588 w.
12 . A ttem p ted  R e a c t io n  o f  P t (C 2H ^)(Ph^P)^ w ith  l » l - B i s -  
(d im ethy lam ino) - 2 , 2 -d ic y a n o e th y le n e
B is  ( t r ip h e n y lp h o s p h in e )  e t h y l  enepl a t  inum( 0 ) (0 .1 8 6  
g , 0 .2 5  mmol) was d i s s o lv e d  i n  40 ml o f  benzene a t  room
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te m p e r a tu r e .  An eq u im o la r  amount o f  l , l - b i s ( d i m e t h y l a m i n o ) - 
2 , 2 - d ic y a n o e th y le n e  ( 0 . 0^1  g ,  0 .0 2 5  mmol) was added i n  a 5 
ml s o l u t i o n  o f  e th a n o l  and th e  m ix tu re  s t i r r e d  f o r  1 h r .  
Under reduced  p r e s s u r e  a l l  s o lv e n t  was removed l e a v i n g  a 
l i g h t  brown r e s i d u e .  A n a ly s i s  by  i n f r a r e d  s p e c t r o s c o p y  
r e v e a le d  o n ly  e v id e n c e s  o f  t h e  o r i g i n a l  s t a r t i n g  m a t e r i a l s .  
There  was no r e a c t i o n .
1 3 . A ttem pted  R e a c t io n  o f  t r a n s - I rC l(C O )(P h ^ P )„  w i th
1 .1 -B is (d im e th y la m in o ) - 2 , 2 -d ic y a n o e th y le n e
Yellow  c r y s t a l s  o f  t r a n s - c h i o r o c a r b o n y l b i s ( t r i ­
p h e n y lp h o sp h in e )  i r id iu m (  I )  ( 0 .0 9 8  g , 0 .1 2 6  mmol) were 
d i s s o lv e d  i n  20  ml o f  b en zen e  and .mixed w ith  a  1 ml 
s o l u t i o n  o f  l , l - b i s ( d i m e t h y l a m i n o ) - 2 , 2 - d ic y a n o e th y le n e  ( 0 .2 2  
g , 1 . 3  mmol) i n  m e th an o l .  The s o l u t i o n  was s t i r r e d  f o r  1 h r  
a t  room te m p e r a tu r e .  S o lv e n t  was removed u n d e r  red u ce dtr,
p r e s s u r e .  The r e s i d u e  was a n a ly z e d  by i n f r a r e d  s p e c t ro s c o p y  
to  r e v e a l  t h a t  no r e a c t i o n  had ta k e n  p l a c e .
1^ .  R e a c t io n  o f  RhCl(Ph^P)^ w i th  l , l - B i s ( d i m e t h y l a m i n o ) -
2 . 2-d ic y a n o e th y le n e
To a burgandy  s o l u t i o n  o f  c h l o r o t r i s ( t r i p h e n y l ­
p h o sp h in e )  rh o d iu m (I)  ( 0 .2 3  g ,  0 .2 5  mmol) i n  d ic h lo ro m e th a n e  
was added a  c o l o r l e s s  5 ml e th a n o l  s o l u t i o n  o f  l , l - b i s ( d i -
lcA
m eth y lam in o )- 2 , 2 -d ic y a n o e th y le n e  (O.OiH g ,  0 .2 5  mmol) .
A brown s o l u t i o n  d ev e lo p ed  and was s t i r r e d  f o r  1 h r .  A l l  
s o lv e n t  was removed u n d e r  red u ced  p r e s s u r e  l e a v in g  a  l i g h t  
brown s o l i d  (0 .2 5  g ; ntp, >300°C].
A n a l . Pound: C, 57-90; H, *K^3; H, 3 .0 3 .
I n f r a r e d  ( N u j o l ) : 3^30  w, 2220  m b r ,  2198 m,
15 65  s ,  1 5 3 5  s .
C. R e a c t io n s  o f  M eta l N i t r o s y l s  w i th  T e t r a c y a n o e th y le n e
1 . R e a c t io n  o f  Ir(N O )(C O )(Ph^P ) 2 w i th  T e t ra c y a n o -  
e th y le n e
The y e l lo w  c r y s t a l s  o f  n i t r o s y l c a r b o n y l b i s ( t r i  
p h e n y lp h o s p h in e ) i r id iu m ( - I )  (O .39  g ,  0 .5 0  mmol) w ere d i s ­
s o lv e d  i n  a  minimum amount o f  b e n z e n e ( ( 5 0  ral) p ro d u c in g  a 
d a rk  red -b ro w n  s o l u t i o n .  T e t r a c y a n o e th y le n e  (O .3 2  g , 2 . 5  
mmol) i n  f i v e  m o la r  ex cess  was added t o  t h e  s o l u t i o n  and th e  
s o l u t i o n  was s t i r r e d  f o r  1 h r  a t  room te m p e r a tu r e .  As t h e  
s o l u t i o n  was s t i r r i n g  g r e e n  c r y s t a l s  p r e c i p i t a t e d  on th e  
w a l l s  o f  t h e  f l a s k .  The g reen -b ro w n  s o l i d  [ 0 . 1  g ,  2056 j 
mp, 300°C] was f i l t e r e d  and d r i e d  i n  t h e  a i r .
A nal. C a lcd  f o r  C ^ H ^ QIrN ^02P2 : C, 57 -03 ; H,
2 .9 3 ;  N, 1 2 .2 2 ,  mol w t, IO3I .  Found: C, 5 6 .5 3 ;  H, 2 .8 5 ;
N, 1 0 .8 3 ;  mol w t, 1050  ( c h lo ro fo rm ) .
I n f r a r e d  ( N u jo l ) :  2220 w, 2165 m, 2080 s .
An eq u im o la r  m ix tu re  o f  ' . n i t r o s y l c a r b o n y l b i s ( t r i -
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p h e n y lp h o s p h in e ) i r id iu m ( - I )  (O .3 9  g ,  0 ,5 0  mmol) and t e t r a -  
c y a n o e th y le n e  (O.O65 g» 0 .5 0  mmol) were d i s s o lv e d  i n  a m in i ­
mum amount o f  benzene  (6 0  ml) and s t i r r e d  f o r  1 h r  a t  
room te m p e r a tu r e .  A g re e n  s o l i d  (0 .1 3  g) w hich p r e c i p i ­
t a t e d  from th e  s o l u t i o n  was f i l t e r e d  and d r i e d .  T h is  g re e n  
s o l i d  on a n a l y s i s  by i n f r a r e d  s p e c t ro s c o p y  showed t h e  same 
t h r e e  band p a t t e r n  as  t h e  p r o d u c t  o f  t h e  c a r b o n y l n i t r o s y -  
i r i d i u m  s p e c i e s  w i th  ex c e ss  t e t r a c y a n o e th y l e n e .  T h is  s o l i d  
was r e c r y s t a l l i z e d  from c h lo ro f o rm /e th a n o l  to  g iv e  a  g re e n  
s o l i d  []0.1 g , 20$; mp, + 300°C].
A n a l.  C a lcd  f o r  G^^H^0IrN ^0 2P 2 : C, 5 7 .1 ^ ;  H,
3 .3 0 ;  N, 7 .7 5 ;  mol w t, 903- Found: C, 5 6 .9 7 ; H, 3 -3 0 ; N,
7 -^ 7 ; mol w t, 835  ( c h lo ro fo rm ) .
I n f r a r e d  ( N u j o l ) : 2225 w» 2080 s .
2. R e a c t io n  o f  Ir(N O )(P h^P )^  w ith  T e tr a c y a n o e th y le n e
N i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( - I )
(O .5 0  g , O.5 0  mmol) was d i s s o lv e d  i n  a minimum amount (5 0  m 
ml) o f  b en zen e  a t  room te m p e r a tu r e .  An eq u im o la r  amount o f  
t e t r a c y a n o e th y l e n e  (0 . 06A g , 0 .5 0  mmol) was added w ith  
s t i r r i n g .  A f t e r  1 h r  a  p u rp le -b ro w n  s o l i d  w hich had p r e ­
c i p i t a t e d  was f i l t e r e d  and d r i e d  i n  a i r  6 . 1 6  g , 37$; mp,
2 0 0 -2 1 0 °C ( d e c ) ] .
A n a l . C a lcd  f o r  C ^ H ^ I rN ^ O P g : C, 5 8 .7 1 ;  3*^2;
N, 7 -9 9 ; mol w t, 875- Found* C, 5 8 .3 1 : H, 3*99; N, 6A 5 ;
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mol w t, 973  ( c h lo ro fo r m ) .
I n f r a r e d ( ( N u j o l ) : 2225 w, 1615 s .
3 . R e a c t io n  o f  [irH(NO) (Ph^P)^]C10^ and T e tra c y a n o -  
e th y le n e
Excess t e t r a c y a n o e th y l e n e  ( 0 .1 6  g , 1 .2 5  mmol) was 
mixed w i th  h y d r i d o n i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I )  
p e r c h l o r a t e  (0 .2 8  g , 0 .2 5  mmol) i n  4-0 ml o f  d ic h lo ro m e th a n e  
u n d e r  n i t r o g e n .  Hexane was added to  t h e  s o l u t i o n  s lo w ly  
to  ca u se  p r e c i p i t a t i o n  i n  th e  s o l u t i o n .  A r e d - p u r p l e  s o l i d  
[ 0 .1  gf mp, 2 0 3 - 207°C ( d e c ) ]  was f i l t e r e d  and d r ie d  i n  a i r .
A n a l.  C a lcd  f o r  C^2H ^ IrN ^ 0 ^ P 2 : C, 51*67; H, 3*
3 .2 0 ;  N, 7*17* Pounds C, 5^*50; H, 3*45; N, 7*22.
I n f r a r e d ( ( N u j o l ) : 2210 w, 2168 w.
(CH2C1 2 ) : 2224 m, 2060  w, 1607  m.
R e c r y s t a l l i z a t i o n  a t te m p ts  o r  o th e r  p u r i f i c a t i o n  
methods y i e ld e d  sm a l l  amounts o f  a  b r i g h t  o range s o l i d .
A n a l . C a lcd  f o r  C ^ H ^C lIrN O g P g  s C, 5 0 .0 4 ; H, 3*64;
N, 1 . 6 2 . Found: C, 4 8 .1 0 ;  H, 3*44; N, I . 5 6 .
I n f r a r e d  (N u jo l)*  I 863  s .
4 .  R e a c t io n  o f  I r C l 2 (N 0)(Ph^P ) 2 w i th  T e tr a c y a n o e th y le n e
Excess t e t r a c y a n o e th y l e n e  (0 .2 0  g , 1 .5 7  mmol) was 
mixed w i th  d i c h l o r o n i t r o s y l b i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I )  
(0 .2 0  g , 0 .2 5  mmol) i n  40 ml o f  d ic h lo ro m e th a n e .  T his
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s o l u t i o n  was h e a te d  to  r e f l u x  f o r  1 h r .  E th an o l was added 
and u n d e r  red u ce d  p r e s s u r e  s o lv e n t  was removed u n t i l  p r e ­
c i p i t a t i o n  o c c u r re d .  I n f r a r e d  a n a l y s i s  o f  a  N u jo l m ull o f  
t h i s  s o l i d  r e v e a le d  t h a t  t h e r e  was no change i n  t h e  a b s o rp ­
t i o n  p a t t e r n  o f  t h e  n i t r o s y l  com plex. There was no r e a c t ­
io n .
5- R e a c t io n  o f  [ irC l(N O )(C O )(P h ^ F )2]BF^ w i th  T e t r a ­
cyano e th y le n e
C h l o r o n i t r o s y l c a r b o n y l b i s ( t r i p h e n y l p h o s p h i n e ) - 
i r i d i u m ( I I I )  t e t r a f l u o r o b o r a t e  (0.4-6 g ,  0 ,50  mmol) was 
d i s s o lv e d  i n  5° ml o f  d ic h lo ro m e th a n e  and t e t r a c y a n o e th y l e n e  
(0.064- g , 0 .5 0  mmol) was added. The d a r k - r e d - v i o l e t  
s o l u t i o n  did n o t  change c o l o r  upon a d d i t i o n  o f  t h e  t e t r a - .  
c y a n o e th y le n e .  A d d i t io n  o f  benzene and rem oval o f  some o f  
t h e  d ic h lo ro m e th a n e  u n d e r  red u ced  p r e s s u r e  p r e c i p i t a t e d  
th e  r e a c t a n t  m e ta l  com plex. A d d i t io n  o f  e th a n o l  to  cau se  
p r e c i p i t a t i o n  y ie ld e d  a  g re e n  s o l i d  which when a n a ly z e d  by 
i n f r a r e d  s p e c t r o s c o p y  showed v e ry  weak a b s o r p t io n s  i n  th e  
c y a n id e  r e g io n  o f  th e  sp e c tru m . T here  was no i d e n t i f i a b l e  
a b s o r p t io n  w hich  co u ld  b e  a t t r i b u t e d  to  th e  n i t r o s y l  g ro u p .
However when t h i s  r e a c t i o n  was m o n ito red  by i n f r a ­
re d  s p e c t ro s c o p y ,  th e  r e a c t io n :  s o lu t io n  r e v e a le d  a b s o r p t io n s  
w hich i n d i c a t e d  t h a t  a  new complex was form ed. A l l  e f f o r t s  
to  i s o l a t e  t h e  complex w ere  u n s u c c e s s f u l .
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I n f r a r e d  ( c h lo r o f o r m ) t  2225 w, 2165 w, 2080 m,
2055 sh , 1675 s .
6 . A t te m p te d  R e a c t io n  o f  Ir(N O )(C O )(Ph^P)g  w i th  Fumaro- 
n i t r i l e
F u m a r o n i t r i l e  (0 .2 0  g , 2 .5  mmol) was added to  a 
50  ml b e n z en e  s o l u t i o n  o f  n i t r o s y l c a r b o n y I b i s ( t r i p h e n y l ­
p h o sp h in e )  i r i d i u m ( - l )  (O .3 9  g t 0 .5 0  mmol) a t  room te m p e ra ­
t u r e .  The r e a c t i o n  s o l u t i o n  was h e a te d  to  r e f l u x  f o r  2 h r .  
and  th e  s o l u t i o n  d a rk e n e d .  Under r e d u c e d  p r e s s u r e  s o l v e n t  
was removed and e th a n o l  added u n t i l  p r e c i p i t a t i o n  o c c u r r e d .  
I n f r a r e d  a n a l y s i s  o f  a  N u jo l  m u ll  o f  th e  s o l i d  r e v e a l  i t  
t o  be  t h e  i n i t i a l  s t a r t i n g  com plex. There  was no r e a c t i o n .
7 . A tte m p te d  R e a c t io n  o f  I r (N 0 ) (P h ^ P ) 2 w i th  Fumaro­
n i t r i l e
N i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( -1 )
( 0 .5 0  g f 0 . 5  mmol) was d i s s o l v e d  i n  5 ° ml o f  b e n z e n e  and 
f u m a r o n i t r i l e  (0 .2 0  g ,  2 .5  mmol) was added. The r e a c t i o n  
s o l u t i o n  was h e a te d  a t  r e f l u x  f o r  1 : h r  w i th  no v i s i b l e  
ch an g e . U nder r e d u c e d  p r e s s u r e  s o l v e n t  was removed and 
e th a n o l  added  t o  c a u se  p r e c i p i t a t i o n .  I n f r a r e d  a n a l y s i s  
o f  th e  s o l i d  r e v e a l e d  t h a t  no r e a c t i o n  had t a k e n  p l a c e .
The i n i t i a l  com plex r e a c t a n t  was r e c o v e re d .
8 . A t te m p te d  R e a c t io n  o f  I r (N 0 )(P h ^ P )^  w i t h  Cinnamo-
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n i t r i l e
Excess c i n n a m o n ! t r i l e  (O .3 2  g, 2 ,5  mmol) was r e - ,  
f lu x e d  w i th  n i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e )  i r i d i u m ( - l )
( 0 .5 0  g ,  O.5 0  mmol) i n  50 ml o f  benzene  f o r  1 h r .  Under r e ­
duced p r e s s u r e  s o l v e n t  was removed and e th a n o l  was added to  
ca u se  p r e c i p i t a t i o n .  The s o l i d  i s o l a t e d  was i d e n t i f i e d  by 
i n f r a r e d  s p e c t r o s c o p y  a s  th e  s t a r t i n g  i r id iu m  complex.
T here  was no r e a c t i o n .
9 . A ttem pted  R e a c t io n  o f  Ir(N O )(P h^P )^  w i th  D im ethy l-  
a c e ty le n e  D ic a rb o x y la te
N i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( - l )
(O . 2 5  g ,  0 . 2 5  mmol) w as  d i s s o l v e d  i n  3 °  ml o f  b e n z e n e .
Excess d im e th y la c e ty le n e  d i c a r b o x y la te  ( 0 .7 1  g ,  5 .0  mmol) 
was added and th e  te m p e ra tu r e  o f  th e  r e a c t i o n  s o l u t i o n  r a i s e d  
to  50°C f o r  1 .5  h r .  Under re d u c e d  p r e s s u r e  a l l  s o lv e n t  was 
removed and th e  r e s i d u e  examined by i n f r a r e d  s p e c t ro s c o p y .
A m ix tu re  o f  th e  r e a c t a n t s  was r e v e a le d .  Mo r e a c t i o n  had 
ta k e n  p l a c e .
V I I . RESULTS OF METAL-OLEFIN REACTIONS
The p la t in u m  complex P t (P h ^ P )2 (dpcp) [d p c p  = 
d ip h e n y lc y c lo p ro p e n o n e ]  was p r e p a r e d  and c h a r a c t e r i z e d  from 
t h e  r e a c t i o n  o f  t h e  c o o r d i n a t i v e l y  u n s a t u r a t e d  P t (P h ^ P ) 2 
w ith  d ip h e n y lc y c lo p ro p e n o n e .  The r e a c t i o n s  o f  [ i r ( d i p h o s ) 2] -  
C1 and P d (P h y ?)^  w i th  d ip h e n y lc y c lo p ro p e n o n e  a l s o  gave  
e v id e n c e  o f  t h e  f o rm a t io n  o f  1 : 1  com plexes b u t  d id  n o t  
a f f o r d  w e l l  c h a r a c t e r i z e d  c r y s t a l s .  C o o r d in a t iv e ly  u n ­
s a t u r a t e d  i r i d i u m ( I )  com plexes w hich  showed no r e a c t i o n  
w i th  d ip h e n y lc y c lo p ro p e n o n e  w ere IrH (C O )(Ph^P ) y  IrH (CO )2- 
(P h ^P )2t and I rC l(C O )(P h ^ P )2 . O th e r  u n s a t r u a t e d  k e to n e  
s u b s t i t u t e d  r i n g s  w hich  showed no r e a c t i o n  w i th  P t(P h -jP )^  
w ere  t e t r a p h e n y lc y c l o p e n ta d ie n o n e ,  2 , 5- d i m e t h y l - 3 » ^ - d ip h e n y l - 
c y c lo p e n ta d ie n o n e ,  c y c lo h e p t a t r i e n o n e ,  and N - a c e ty ld ip h e n y l -  
c y c lo p ro p e n o x im e .
The r e a c t i o n s  o f  s e v e r a l  d i a m i n e - s u b s t i t u t e d  
e th y le n e s  w i th  n o b le  m e ta l  com plexes r e v e a l e d  t h a t  o n ly  th e  
m ost r e a c t i v e  com plexes r e a c t  t o  form  s t a b l e  new compounds 
w i th  t h e s e  l i g a n d s .  The r e a c t i o n  o f  Pt(C,>H^) (Ph^P ) 2 w i th
1 , l - d i a m i n o - 2 f 2 - d ic y a n o e th y le n e  r e s u l t e d  i n  a  I s l  complex..
A com plex w hich  r e a c t s  w i th  t h i s  l i g a n d  b u t  does n o t  a f f o r d  
a  w e l l  c h a r a c t e r i z e d  p r o d u c t  i s  R hC l(ph^P)^ . No r e a c t i o n  
was o b se rv e d  b e tw een  MX(CO)(Ph^P) 2 [M = I r ;  X = C l ,  F: M =
Rh; X = C l]  w i th  l , l - d i a m i n o - 2 , 2 - d i c y a n o e t h y l e n e .  A 1 : 1  
com plex was form ed by t h e  r e a c t i o n  o f  P t (P h P )^  w i th  d ia m in o -
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m a l e o n i t r i l e .  The complex RhCl(Ph^P)^ a g a in  r e a c t s  w ith  
d ia m in o m a le o n i t r i l e  b u t  does n o t  a f f o r d  a  w e l l  c h a r a c t e r ­
iz e d  p r o d u c t .  No r e a c t i o n  was obse rv ed  i n  t h e  c a s e  o f  
d i a m in o m a le o n i t r i l e  and IvlX(CO) (Ph^P ) 2 ^ = ^1 , ®r >
I :  M = Rh; X = C l]  and IrH(CO)(Ph^P ) y  R e a c t io n  o c c u rre d  
betw een RhCl(Ph^P)^ and 1 ,1 - b i s ( d im e th y la m in o ) - 2 , 2 -d ic y a n o -  
e th y le n e  b u t  no w e l l  c h a r a c t e r i z e d  p ro d u c t  was i s o l a t e d .
No r e a c t i o n  was o b se rv e d  w i th  1 ,1 - b i s ( d im e th y la m in o ) - 2 ,2 -  
d ic y a n o e th y le n e  and P tfC gH ^)(Ph^P )2 o r  I r G l ( C O ) ( P h ^ P j g • 
R e a c t io n  o f  t e t r a c y a n o e th y le n e  w i th  v a r io u s  
i r id iu m  complex s u b s t r a t e s  p roduced  a new complex i n  a l l  b u t  
one c a s e .  R e a c t io n  o f  an ex c ess  o f  t e t r a c y a n o e th y l e n e  w ith  
n i t r o s y l c a r b o n y l b i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( - I )  a t  room 
te m p e ra tu r e  y ie ld e d  a  complex w i th  a  2 :1  l i g a n d  to  m e ta l  
r a t i o .  A second  p r o d u c t  was i s o l a t e d  from t h i s  r e a c t i o n  
w hich was shown to  be a 1 :1  complex. T h is  1 :1  complex was 
a l s o  o b ta in e d  by r e a c t i n g  eq u im o la r  amounts o f  t h e  r e a c t a n t s .  
R e a c t io n s  o f  Ir(N O )(P h^P )^  w ith  t e t r a c y a n o e th y l e n e  g iv e s  a  
1 :1  com plex. T e tr a c y a n o e th y le n e  r e a c t s  w i th  h y d r id o -  
n i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( T )  p e r c h l o r a t e  and 
c h l o r o n i t r o s y l c a r b o n y l b i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I ) - 
t e t r a f l u o r o b o r a t e  b u t  no w e l l  c h a r a c t e r i z e d  p r o d u c ts  were 
i s o l a t e d .  There was no r e a c t i o n  betw een d i c h l o r o n i t r o s y l -  
b i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I )  and t e t r a c y a n o e th y l e n e .  
O th e r  a c t i v a t e d  o l e f i n s  w hich showed no r e a c t i v i t y  w i th  th e  
i r i d i u m - n i t r o s y l  com plexes Ir(N O)(G O )(Ph^P ) 2 and Ir(N O )-  
(Ph^P) were f u m a r o n i t r i l e  and c i n n a m o n ! t r i l e .
V I I I . DISCUSSION OF REACTIONS WITH UNSATURATED COMPOUNDS
A. R e a c t io n s  o f .O le f in ic 'K e to n e s
T e t r a k i s ( t r ip h e n y lp h o s p h in e ) p la t i n u m ( 0 )  r e a c t e d  
w ith  d ip h e n y lc y c lo p ro p e n o n e  i n  d ic h lo ro m e th a n e  a t  room 
te m p e ra tu r e  to  g iv e  a 1 ;1  complex. T hree  p o s s i b l e  
s t r u c t u r e s ,  XIV-XVI, sh o u ld  be c o n s id e r e d .  C o o rd in a t io n  o f
^ / h 'h ^
P t  — ph
\ > h  Ph J
xrv xv XVI
d ip h e n y lc y c lo p ro p e n o n e  th ro u g h  th e  oxygen atom would be
s i m i l a r  to  c o o r d in a t io n  o f  N -p y r id in e  o x id e s  th ro u g h  th e
201oxygen atom to  n o b le  m e ta l  s u b s t r a t e s .  T ab le  IV g iv e s
th e  a b s o r p t io n s  o f  th e  d ip h e n y lc y c lo p ro p e n o n e  l i g a n d  c o o r ­
d in a te d  th ro u g h  th e  oxygen atom o r  i t s  p o l a r  form as  
d e s c r ib e d  by Orchin.'*’' ^  S e le c te d  i n f r a r e d  s p e c t r a l  d a t a  
o f  th e  complex from F ig u re  11 shows no a b s o r p t io n s  i n  th e  
1900-1800 cm- 1 ran g e  e l i m i n a t i n g  t h i s  s t r u c t u r e  as a  p o s s i b ­
i l i t y .  S t r u c t u r e  XV d e p i c t s  c o o r d in a t io n  o f  d ip h e n y lc y c lo -  
th ro u g h  th e  d o u b le  bond i n  t h e  r i n g  to  t h e  m e ta l  atom. This 
mode o f  c o o r d in a t io n  i s  t y p i c a l  o f  e th y le n e  m o le cu le s  to  
t r a n s i t i o n  m e ta l s .  V ario u s  u n s a tu r a t e d  r i n g s  have been  
shown to  c o o r d in a t e  to  p la tin u m (O ) th ro u g h  th e  c a rb o n -c a rb o n  
d o u b le  bond. Even u n s a t u r a t e d  c y c l i c  t h r e e  membered r i n g s
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TABLE IV
INFRARED ABSORPTION FREQUENCIES OF SOME
DIPHENYLCYCLOPROPENONE NOBLE METAL COMPLEXES IN 
THE 2000-1500 cm" 1 RANGE
Complex R ef.
(dpcpJCoQlg 1 8 7 0 , i 8 6 0 ,1840 ,1 8 3 0  f1 6 0 0 , 
1 5 9 0 ,1 5 8 0
122
(dpcpJgCoBr^ 1 8 7 0 ,1 8 5 0  s h , 1 8 3 0 , 1 6 0 5 , 
1590 ,1580 ,1575  sh
122
(dpcp)gCo(ClO^) 1 8 7 0 ,1 8 5 0 ,1 8 3 0 ,1 6 0 5 ,1 5 9 0 , 
1580 ,1575  sh
122
( d p c p y i iB r2 1 8 0 0 ,1 8 6 0 ,1 8 2 0 ,1 6 0 0 ,1 5 8 5 , 
1570 sh ,1560
122
(d p cp ) gNi (CIO^ ) 1870 ,1850  s h , 1 8 3 0 ,1 6 0 5 , 
1590 ,1580 ,1575  s h
122
(dpcp)gCuClg 1 8 8 0 , 1 8 6 5 , 1 8 2 5 , 1 6 0 5 , 1 5 9 0 ,
1570 .1560
122
(d p c p )2RuCl2 1 8 8 0 ,1 8 5 0 ,1 8 2 0 ,1 6 0 0 ,1 5 8 0 , 
1550 ,15^0
122
(dpcp)^RuCl^ 1880 s h , 1850,1820 s h ,  1600, 
1580 ,1 5 6 5 ,1 5 5 5 ,1 5 3 0
122
(d p cp Jg P tC l^ 1 8 8 0 ,1 8 4 0 ,1 8 1 0 ,1 6 0 0 ,1 5 8 0 , 
1570 s h , 1550,1540
122
(d p c p )2P t 2C l^ 1855 ,1830  s h , l 6 0 0 , 1580,1550 
1550 ,1530 ,1510  b r
122
(dpcp)(C gH ^iP tC lg 1 8 3 8 ,1 5 9 3 ,1 5 7 2 ,1 5 4 3 ,1 5 1 7 124
(d p c p ) (C 0 )P tC l2 1 8 4 5 ,1 5 9 0 ,1 5 7 4 ,1 5 4 0 ,1 5 2 1 124
(d p c p )2PdCl2 1 8 8 0 ,1 8 6 0 ,1 8 2 0 ,1 6 0 0 ,1 5 8 0 , 
1550 ,1530
122
FIGURE 11
S e l e c t e d  I n f r a r e d  A b s o rp t io n s  o f  t h e  
Complex P t (P h ^ P ) 2 (dpcp) 
(Benzene S o lu t io n )
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202 203c y c lo p ro p e n e  and  i t s  d e r i v a t i v e s  * and t h i i r e n  1 , 1 - d i -  
204-o x id e s  h av e  b een  shown to  c o o r d i n a t e  th ro u g h  th e  c a rb o n -  
ca rb o n  d o u b le  bond to  u n s a t u r a t e d  p la t in u m (O )  com plexes. 
H endra and P o w e ll  have  r e p o r t e d  e v id e n c e  t h a t  th e  o a rb o n -  
ca rb o n  d o u b le  bond s t r e t c h i n g  f re q u e n c y  o f  o l e f i n s  i s  
lo w ered  by lhO cm"'1’ on c o o r d i n a t i o n  to  a  p la t in u m  a to m .20^ 
I n  t h e  i n f r a r e d  a b s o r p t i o n  sp e c tru m  o f  uncom plexes d ip h e n y l - 
c y d lo p ro p e n o n e ,  F ig u re  12 , bands a t  1830 and 1620 cm" 1 a r e  
th o u g h t  to  b e  in v o lv e d  w i th  C=C and C=0 s t r e t c h i n g  v i b r a ­
t i o n s .  F ich tm an , S ch m id t ,  and O rc h in  r e p o r t  t h a t  i n  
d ip h e n y lc y c lo p ro p e n o n e  com plexed th ro u g h  t h e  oxygen atom to
t h e  m e ta l ,  t h e  1620  cm"1band i s  lo w ered  i n d i c a t i n g  t h a t
-1  137t h e  C=C v i b r a t i o n  d o m in a te s  t h e  I 8 3 O cm a b s o r p t i o n .
I n  a  p la t in u m  complex h a v in g  a  s t r u c t u r e  XV, one would
e x p e c t  a  bond around  1700  cm- 1  i n d i c a t i n g  a  lo w e r in g  o f  th e
C=£J s t r e t c h i n g  f re q u e n c y  on c o o r d i n a t i o n  o f  t h e  d o u b le  bond
t o  t h e  m e t a l .  A bsence o f  su c h  a  band i n  F ig u re  11 l e s s e n s
t h e  p o s s i b i l i t y  o f  t h e  complex h a v in g  t h i s  s t r u c t u r e .  B ird
and B r ig g s  f i r s t  s u g g e s te d  th e  p o s s i b i l i t y  o f  a m e ta l
com plex o f  ty p e  XVI i n  r e p o r t s  o f  s t u d i e s  o f  c a r b o n y l a t i o n
o f  a c e t y l e n e s  w i th  m e ta l  c a rb o n y l  com plexes a s  c a t a l y s t s .
136 2 0 (SI n t e r m e d i a t e s  s u g g e s te d  f o r  i r o n ’, J  VI, and n i c k e l ,
XVII, r e a c t i o n s  w i th  a c e t y l e n e s  w ere  p o s t u l a t e d  a s  b e in g
(C6 ) 2Ni—
XVII
FIGURE 12
S e le c te d  I n f r a r e d  A b so rp t io n s  o f  
D ip h en y lcy c lo p ro p  enone 
(Benzene S o lu t io n )
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formed by c a rb o n y l  I n s e r t i o n  i n t o  a c e ty l e n e - m e ta l  ca rb o n y l
com plexes. R e a c t io n  o f  d ip h e n y lcy c lo p ro p e n o n e  w i th  d i - i r o n
n o n a c a rb o n y l i n  benzene  a t  am bien t te m p e ra tu re  i n  th e
ab sen ce  o f  l i g h t  gave  a s  one o f  th e  p ro d u c ts  V, p resum ab ly
formed by c a rb o n y l  i n s e r t i o n  to  a compound o f  ty p e  VI. A
s i m i l a r  complex, VII was i s o l a t e d  from th e  r e a c t i o n  o f
136c y c lo h e p te n o c y c lo p ro p e n o n e  w i th  d i - i r o n  n o n a c a rb o n y l.  
C arbonyl i n s e r t i o n  sh o u ld  b e  fav o red  o v e r  d i c a r b o n y la t i o n  o f  
t h e  p ropenone  due to  th e  fo rm a t io n  o f  th e  h ig h ly  s t r a i n e d  
c y c lo h e p ty n e  i f  d e c a r b o n y la t io n  o c c u rs .
An X -ray  s t r u c t u r a l  d e t e r m in a t io n  o f  t h e  p ro d u c t  
[_ (C^H^) ^ P ]2Pt[C^{C^H^)20 ]  has shown t h a t  th e  d ip h e n y lc y c lo ­
propenone  has in d e e d  opened and t h a t  p la t in u m  i n s e r t i o n  has
2 0 7a f f o r d e d  a  m e ta l lo c y c lo b u te n o n e ,  F ig u re  13- The m e ta l -  
l o c y c l e  i s  n e a r l y  c o p la n a r  w i th  t h e  P -P t -P  p o r t i o n .  Both 
s i n g l e  and d o u b le  bonds rem ain  i n  t h e  m e ta l lo c y c le  as  
i d e n t i f i a b l e  p a r t s  o f  t h e  r i n g .
An a t te m p t  to  d e c a r b o n y la te  t h e  p l a t i n a c y c l o -  
b u ten o n e  by h e a t in g  a  to lu e n e  s o l u t i o n  o f  th e  complex to  
r e f l u x  f o r  0 . 5  h r  was u n s u c e s s f u l .  M o n ito r in g  o f  th e  
i n f r a r e d  sp e c tru m  o f  th e  s o l u t i o n  showed no change i n  th e  
s t r o n g  a b s o r p t i o n  a t  1663  cm- ’*' o v e r  t h i s  tim e  p e r io d .
F u r th e r  h e a t in g  cau sed  com ple te  d ec o m p o s it io n  o f  th e  complex 
i n  s o l u t i o n .  No p la t in u m  complex c o u ld  be  i s o l a t e d  a f t e r  
d e c o m p o s it io n .
An a t te m p t  to  c a r b o n y la te  d ip h e n y lc y c lo p ro p e n o n e
FIGURE 13
M o lecu la r  S t r u c t u r e  and X-Ray C r y s ta l lo g r a p h i c  R e s u l t s  f o r
[ ( c 6H5>3P ]2P t[°C 3 (C6H5 ) 2]
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complexed t o  t h e  p la t in u m  m e ta l  to  form a  compound an a lo g o u s  
to  s t r u c t u r e  VI o r  VII was made a t  am b ien t t e m p e r a tu r e  
by b u b b l in g  ca rb o n  m onoxide th ro u g h  a  s o l u t i o n  o f  t h e  m e ta l -  
l a c y c l e .  T here  was no e v id e n c e  o f  c a rb o n  m onoxide up ta k e  
o r  any change  i n  t h e  complex a s  r e c o r d e d  i n  th r  i n f r a r e d  
s p e c t r a l  a b s o r p t i o n s  o f  t h e  s o l u t i o n  o r  by s p e c tru m  o f  th e  
i s o l a t e d  s o l i d  a f t e r  e x p o su re  t o  c a rb o n  monoxide.
A m ix tu r e  o f  t h e  y e l lo w  p l a t i n o c y c lo b u te n o n e  
complex d i s s o l v e d  i n  d ic h lo ro m e th a n e  and a  c l e a r  d i c h l o r o ­
m ethane s o l u t i o n  o f  e x c e s s  d ip h e n y lc y c lo p ro p e n o n e  p ro d u ced  
a  deep p u r p l e  s o l u t i o n .  An i n f r a r e d  sp e c tru m  o f  t h e  
s o l u t i o n  showed ea c h  a b s o r p t i o n  o f  t h e  r e a c t a n t s  w i t h  no new 
b an d s . E v a p o r a t io n  o f  t h e  s o l v e n t  l e f t  o n ly  t h e  r e a c t a n t s .  
The deep c o l o r  may p o s s i b l y  be  e x p la in e d  by a c h a r g e - t r a n s -  
f e r  i n t e r a c t i o n  b e tw een  t h e  p la t in u m -d ip h e n y lc y c lo p ro p e n o n e  
complex and f r e e  d ip h e n y lc y c lo p ro p e n o n e .
A f t e r  some o f  t h i s  work was p u b l i s h e d ,  V i s s e r  and 
Ramakers-Blom r e p o r t e d  t h e  r e a c t i o n  o f  m e th y l - ,  d im e th y l -  
and d ip h e n y lc y c lo p ro p e n o n e  w i th  b i s ( t r i p h e n y l p h o s p h i n e ) - 
e th y le n e p la t in u m ( O ) . The r e s u l t s  r e p o r t e d  a r e  i n  ac co rd
w i th  t h o s e  r e p o r t e d  h e r e .  R e a c t io n  o f  m e th y lc y c lo p ro p e n o n e  
w i th  t h e  p l a t i n u m - e t h y l e n e  com plex a t  -65°C i n  CDCl^ y ie ld e d  
a  com plex w i th  s t r u c t u r e  XV, e q . ‘ 23» 2^ .  C o o r d in a t io n  o f
vHl + ~65°» L2pt“ t>=° (23)
Me Me
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m e th y lc y c lo p ro p e n o n e  to  t h e  m e ta l  was i n i t i a l l y  th ro u g h  t h e  
d o u b le  bond a s  i n d i c a t e d  b y  th e  c h e m ic a l  s h i f t s  and  th e
changed  i n t o  t h e  m e ta l lo c y c lo b u te n o n e  com plex. No i n d i c a t i o n  
o f  t h e  o l e f i n  c o o r d in a te d  complex was found w i th  t h e  
d im e th y l -  o r  d ip h e n y lc y c lo p ro p e n o n e  r e a c t i o n s  w i th  t h e  
p la t in u m  com plex .
r e a c t i o n  c o u ld  t a k e  p l a c e  i s  by t h e  i n i t i a l  f l e e t i n g  
c o m p le x a t io n  o f  t h e  d o u b le  bond i n  t h e  t h r e e  membered r i n g
i n s e r t s  i n t o  t h e  c a rb o n -c a rb o n  s i n g l e  bond fo rm in g  th e  
m e ta l lo c y c lo b u te n o n e .  I n s e r t i o n  o f  t h e  p la t in u m  atom i n t o  
t h e  c a rb o n -1 c a rb o n  bond r e l i e v e s  th e  s t r a i n  i n  t h e  t h r e e  
membered r i n g  and a l s o  s a t u r a t e s  t h e  p la t in u m  atom  c o o r d in ­
a t i v e l y .
c h l o r i d e  and a n  eq u im o la r  amount o f  d ip h e n y lc y c lo p ro p e n o n e  
w ere  s t i r r e d  t o g e t h e r  in  d ic h lo ro m e th a n e  a t  room te m p e r a tu r e .  
A f t e r  1 h r  t o l u e n e  was ad d e d . Under re d u c e d  p r e s s u r e  a l l  
s o l v e n t  was rem oved s lo w ly  and a l i g h t  brown s o l i d  was
^■ ^P t-H  and P-H s p i n - s p i n  c o u p l in g  c o n s t a n t s  i n  t h e  nmr 
s p e c tru m . I n  s o l u t i o n  a t  -30°C th e  c o o r d in a te d  o l e f i n  was
The m ost r e a s o n a b le  mechanism by w hich  t h i s
t o  t h e  u n s a t u r a t e d  P t(P h ^ P ) 2 s p e c i e s .  The m e ta l  atom th e n
B i s ( l , 2 - d i p h e n y l p h o s p h i n o e t h a n e ) i r i d i u m ( I )
12^
r e c o v e re d  w hich was shown t o  be homogenous by TLC. One
-1medium i n f r a r e d  a b s o r p t i o n  ( F ig u r e  1^) a t  1622 cm i s  i n  
t h e  same r e g i o n  a s  t h e  band i n  t h e  com plex P t (P h ^ P ) 2 (C^Ph20 ) 
a t  1660 cm , The a n a l y t i c a l  d a t a  f o r  t h i s  p r o d u c t  was 
c o n s i s t e n t l y  low  f o r  c a rb o n  p e r c e n t a g e s  even a f t e r  r e c r y s t a l ­
l i z a t i o n  from  d ic h lo r o m e th a n e / t o lu e n e  when compared v /ith  
c a l c u l a t e d  v a lu e s  f o r  a  1 : 1  r a t i o  o f  r e a c t a n t s .
T e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m (0) and 
d ip h e n y lc y d lo p ro p e n o n e  i n  d ic h lo ro m e th a n e  w ere s t i r r e d  t o ­
g e t h e r  o v e r n i g h t .  M ethano l was added and u n d e r  re d u c e d  
p r e s s u r e  s o l v e n t  was s lo w ly  rem oved, c a u s in g  t h e  s e p a r a t i o n  
pF a  y e l lo w  amorphous s o l i d .  As i n  t h e  c a s e  o f  t h e  
[ i r ( d i p h o s ) 2 ]C1 r e a c t i o n  p r o d u c t  w i th  th e .c y c lo p ro p e n o n e ,  
an i n f r a r e d  a b s o r p t i o n  a t  1650  cm \  F ig u r e  15, o f  medium 
s t r e n g t h  was fo u n d . A gain  a n a l y t i c a l  d a t a  f o r  t h e  y e l lo w  
s o l i d  was l o w in 'c a r b o n  p e r c e n t a g e  a s  compared to  c a l c u l a t e d  
p e r c e n t a g e s  f o r  a  1 :1  r a t i o  o f  P d (P h^P ) 2 to  t h e  c y c lo p r o -  
p en o n e . V i s s e r  and Ramakers-31om r e p o r t e d  t h a t  th e y  d id
n o t  f i n d  e v id e n c e  o f  r e a c t i o n  o f  P d(P h^P)^  w i th  c y c lo p r o -  
138p e n o n e s .
The s i m i l a r i t y  o f  t h e  r e a c t i o n s  o f  P t(P h ^ P )^ ,  
[ i r ( d i p h o s ) 2 ]C1, and P d (P h^P )^  w i th  d ip h e n y lc y c lo p ro p e n o n e  
a r e  i n d i c a t e d  by  t h e  a b s o r p t i o n s  be tw een  1 6 6 3  and 16 22  cm 
i n  t h e  i n f r a r e d  s p e c t r a l  a b s o r p t i o n  p a t t e r n s .  A n a l y t i c a l  
d a t a  f o r  t h e  i r i d i u m  and  p a l l a d iu m  compounds a r e  c l o s e  to  
t h e  1 : 1  r a t i o  o f  u n s a t u r a t e d  m e ta l  complex t o  l i g a n d  w hich
F ig u r e  1^
S e le c te d  I n f r a r e d  A b s o rp t io n s  o f  th e  P ro d u c t  o f  th e  
R e a c t io n  o f  [ i r ( d i p h o s ) 2]C1 w i th  D ip h en y lcy c lo p ro p en o n e
(N u jo l M ull)
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FIGURE 15
S e le c te d  I n f r a r e d  A b s o rp t io n s  o f  t h e  P ro d u c t  o f  th e  
R e a c t io n  o f  Pd(Ph^P)^  w ith  D ip h en y lcy c lo p ro p en o n e
(N u jo l Mull)
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was found f o r  t h e  p la t in u m  com plex . W ith o u t a n a l y t i c a l  d a t a  
o r  o th e r  d a t a  w h ic h  s u p p o r t  t h e  presumed m e t a l l o c y c l e s , no 
f u r t h e r  comment c a n  "be made c o n c e rn in g  t h e i r  s t r u c t u r e .
The a t t e m p te d  r e a c t i o n s  o f  I rH (C O )(P h^)^  and 
I rH (C 0 )2 (Ph^P)2 w i t h  d ip h e n y lc y c lo p ro p e n o n e  i n  b en zen e  a t  
50-60°C y i e ld e d  o n l y  a m ix tu r e  o f  th e  r e a c t a n t s .  The 
a t te m p te d  r e a c t i o n  o f  IrC l(C O ) (Ph^P)2 w i th  d ip h e n y lc y c lo p r o ­
p enone  i n  b e n z en e  a t  room te m p e r a tu r e  f o r  h r  r e s u l t e d  i n  
t h e  r e t u r n  o f  t h e  r e a c t a n t s . Even th e  a t t e m p te d  r e a c t i o n  
o f  V ask a 's  compound w ith  d ip h e n y lc y c lo p ro p e n o n e  i n  b en z en e  
i n  an  u l t r a v i o l e t  ex p o su re  cham ber a t  50-60°C was n o t  
s u c c e s s f u l  a f t e r  a  p e r io d  o f  2 h r .
O th e r  u n s a t u r a t e d  c y c l i c  k e to n e s  w hich w ere mixed 
w i t h  t e t r a k i s (  t r i p h e n y l p h o s p h i n e  ) p la t in u m (0 )  i n  s o l u t i o n  
w ere  t e t r a p h e n y lc y c l o p e n ta d ie n o n e ,  2 , 5 - d im e t h y l -3 d ip h e n y l  -
c y c lo p  e n ta d ie n o n e ,  c y c l o h e p t a t r i e n o n e ,  and N - a c e ty ld ip h e n y l -  
cy c lo p ro p en o x im e . None o f  t h e s e  compounds r e a c t e d  w i th  
t h e  p la t in u m  s p e c i e s .  Only t h e  t h r e e  membered u n s a t u r a t e d  
k e to n e  system  r e a c t e d  u n d e r  t h e s e  c o n d i t i o n s .  The d i f f e r ­
en ce  i n  r e a c t i v i t y  o f  th e  t h r e e  membered r i n g  and t h e  l a r g e r  
r i n g s  could  be  t h e  i n c r e a s e d  s t e r i c  e f f e c t  a s  th e  l i g a n d  
approaches t h e  m e t a l  atom, h i n d e r i n g  f o r m a t io n  o f  th e  o l e f i n  
complex w ith  t h e  m e ta l .  A n o th e r  c o n s id e ra t io n - ;m u s t  be  t h e  
l e s s e n i n g  o f  r i n g  s t r a i n  a s  t h e  r i n g  s i z e  i n c r e a s e s  w h ich  
would d e c re a s e  t h e  r e a c t i v i t y  o f  th e  c y c l i c  k e to n e s  e s p e c ­
i a l l y  opening  o f  t h e  r i n g .
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B. R e ac tio n s  o f  D iam in o d ic y an o e th y len e s
T e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m (0) r e a c te d  
w i th  d ia m in o m a le o n i t r i l e  i n  benzene a t  room te m p e ra tu r e  to  
g i v e  a 1 :1  a d d u c t  o f  P t f P h ^ P ^  w ith  t h e  s u b s t i t u t e d  o l e f i n .  
P o s s ib l e  s t r u c t u r e s  f o r  t h e  co m p lex a tio n  o f  t h i s  sym m etr ic ­
a l l y  s u b s t i t u t e d  o l e f i n  to  th e  m e ta l  atom a r e  t h e  Tr-bonded 
o l e f i n  com plex, XVII, t h e  b-bonded am ine complex, X V III,
V | /
M~ M — NH2~c=q^
XVI* XVIII
t h e  n i t r o g e n  o f  th e  n i t r i l e  b-bonded to  th e  m e ta l ,  XIX,
K-HW-U/ M_ |
XIX 1
and th e  Tr-bonded c a rb o n - n i t r o g e n  m u l t i p l e  bond complexed to  
the . metal,. XX. I n  th e  m ost common mode o f  bond ing  betw een 
o l e f i n s  and t r a n s i t i o n  m e ta l s ,  i , .e .  XVII, th e  i n f r a r e d  
sp ec tru m  shows a  lo w e r in g  o f  th e  C=C s t r e t c h i n g  f re q u e n c y
137
r e l a t i v e  to  t h e  u n c o o rd in a te d  o l e f i n .  The o ran g e
c r y s t a l s  o f  t h e  1 :1  com plex showed a  lo w e r in g  o f  t h e  C=£ 
s t r e t c h i n g  f re q u e n c y  on c o o r d in a t io n  o f  th e  o l e f i n  to  th e
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m e ta l  form 1615 cm-1 i n  t h e  u n c o o rd in a te d  diaminomaleo.-
n i t r i l e ,  F ig u re  16, to  1570 cm"'1' i n  th e  c o o rd in a te d
o l e f i n ,  F ig u re  17. O th e r  a b s o r p t io n s  o f  i n t e r e s t  a r e  se en  
-1a t  3395 cm a t t r i b u t e d  to  an  N-H s t r e t c h i n g  v i b r a t i o n  and 
a  s t r n n g  band a t  2195-2185 cm a t t r i b u t e d  to  a  C=N s t r e t c h ­
in g  f re q u e n c y .
R e a c t io n  o f  P t(C 2H ^)(Ph^P)2 w i th  d iam inom aleo­
n i t r i l e  i n  benzene  a t  room te m p e ra tu re  gave an o range  s o l i d .  
An i n f r a r e d  sp e c tru m  o f  th e  s o l i d  showed th e  same a b s o rp t io n s  
a s  d id  th e  p r o d u c t  o f  P t(P h ^ P )^  w ith  d ia m in o m a le o n i t r i l e ,  
however, a b ro a d  weak band a t  1635 cm- ^ was o bse rved  which 
was n o t  i n  t h e  p r e v io u s  p r o d u c t .  A n a ly t i c a l  d a t a  f o r  th e  
p ro d u c t  showed low p e r c e n ta g e s  o f  ca rbon  and n i t r o g e n  com­
p a re d  to  c a l c u l a t e d  v a lu e s  f o r  P t(P h ^ P )2 ( d ia m in o m a le o n i t r i l e ) .  
R e c r y s t a l l i z a t i o n  o f  th e  s o l i d  from d ic h lo ro m e th a n e /h e x a n e  
d id  n o t  remove th e  weak band a t  1635  cm”'*' from th e  spec trum  
o f  th e  r e c r y s t a l l i z e d  p ro d u c t .  A n a ly t i c a l  p e r c e n ta g e s  were 
a l s o  low.
R e a c t io n  o f  P t(C O )^Ph^P)2 w ith  d ia m in o m a le o n i t r i l e
i n  d ic h lo ro m e th a n e  a t  room te m p e ra tu re  p roduced  a d a rk -
o ran g e  s o l i d  . T h is  p ro d u c t  was v e ry  s i m i l a r  to  th e
p ro d u c t  o f  t h e  p la t in u m - e th y le n e  complex w ith  t h i s  l i g a n d .
—  1Low a n a l y t i c a l  d a t a  and a  s t r o n g  a b s o r p t io n  a t  16^0 cm 
were a g a in  o b se rv e d .
The r e a c t i o n  o f  RhCltPh^P)^ w ith  d iam inom ale­
o n i t r i l e  y i e ld e d  s h in y  g re e n  c r y s t a l s  which a n a l y t i c a l  d a ta
FIGURE 16
S e le c te d  I n f r a r e d  A b so rp t io n s  o f  
Di a m in o m a le o n i t r i1 e 
(N u jo l Mull)
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FIGURE I ?
S e le c te d  I n f r a r e d  A b s o rp t io n s  o f  
P t{Ph^P ) g ( d ia m in o m a le o n i t r i l e )  
(N u jo l M ull)
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showed t o  b e  very  c l o s e  to  t h e  c a l c u l a t e d  v a l u e s  f o r  RhCl- 
(Ph^P)2[  (NH2 )C=C(NH2 )(C N )] .  L o s s  o f  a  cy a n o -g ro u p  from 
th e  l i g a n d  and a t r i p h e n y l p h o s p h in e  from t h e  m e ta l  g iv e s  a  
p o s s i b i l e  f o r m u la t i o n  o f  t h i s  p r o d u c t .  The i n f r a r e d  s p e c t ­
rum o f  t h e  g re e n  c r y s t a l s ,  F ig u re  18 , r e v e a l e d  two weak
-1bands a t  3 3 3 °  and 323° cm a t t r i b u t e d  to  N-H s t r e t c h i n g  
f r e q u e n c i e s ,  a s t r o n g  band  a t  220*4- cm *** a t t r i b u t e d  to  t h e  
CN s t r e t c h i n g  mode, and  weak b an d s  a t  1610 and 1588 cm" 
a t t r i b u t e d  t o  C=C and N-H v i b r a t i o n s .  E xcep t f o r  th e  
a n a l y t i c a l  d a t a ,  e v id e n c e  i n d i c a t e s  a  s i m i l a r  r e a c t i o n  . 
p ro d u c t  t o  t h e  P t (P h ^ P ) 2 ( d ia m in o m a le o n i t r i l e )  p r o d u c t  i s  
formed.
The r e a c t i o n  o f  MX(CO)(Ph^P)2 [M = I r ;  X = C l, B r, 
I i  « =  Rh; X = C l] w i t h  d ia m in o m a le o n i t r i l e  p ro d u c e d  no 
o x id a t iv e  a d d i t i o n  p r o d u c t s  a t  room te m p e r a tu r e  i n  b en zen e . 
Only th e  r e a c t a n t s  w e re  i s o l a t e d .  However, t h e  r e a c t i o n  o f  
IrCl(CO) (Ph-^P)2 w i th  d i a m in o m a l e o n i t r i l e  i n  b en z en e  a t  
r e f l u x  p ro d u c e d  a brow n s o l u t i o n .  Under r e d u c e d  p r e s s u r e  
s o lv e n t  w as removed an d  a  b la c k  t a r  r e c o v e re d .  An i n f r a r e d  
spectrum  o f  t h e  s o l i d  showed a t  19*4-5 cm“''L a  s t r o n g  a b s o rp ­
t i o n  c o r r e s p o n d in g  t o  t h e  c a rb o n y l  s t r e t c h  o f  V a sk a 's  
compound. A lso  se en  i n  t h e  sp e c tru m  were s m a l l  bands a t  
3398, 2 1 7 7 , 2050, and 1568 cm""^. T hese  bands i n d i c a t e  t h e  
p o s s i b l e  o x i d a t i v e  a d d i t i o n  t o . t h e  i r i d i u m ( I )  complex by 
th e  o l e f i n .  A f te r  s e p a r a t i o n  o f  t h e  V a sk a 's  compound from 
th e  b la c k  t a r ,  no o t h e r  m e ta l  c o n t a i n i n g  s p e c i e s  cou ld
FIGURE 18
S e le c t e d  I n f r a r e d  A b s o rp t io n s  o f  th e  P ro d u c t  o f  th e  
R e a c t io n  o f  RhCl(Ph^P)^ w i th  D ia m in o m a le o n i t r i l e
(N u jo l Mull)
137
138
1
3300
cm-1
i ■ i 
1650 
cm-1
■ i < 
2200 
cmH
139
be found . A v e ry  sm a ll  amount o f  o rg a n ic  m a t e r i a l  was 
r e c o v e re d  b u t  n o t  c h a r a c t e r i z e d .  U n re ac ted  d iam inom aleo­
n i t r i l e  was a l s o  r e c o v e re d .  P o s s i b l e  r e a c t i o n  o f  th e  I r ( I )  
complex w ith  t h e  o l e f i n  w i th  su b se q u en t  d e c o m p o s it io n  i s  
ev idenced  by th e  p r e s e n c e  o f  a  2050  cm a b s o r p t io n  which 
cou ld  i n d i c a t e  an  I r ( I I I )  c a rb o n y l  s t r e t c h i n g  f re q u e n c y .
I t  i s  p o s s i b l e  t h a t  t h e  m e ta l  atom s e r v e s  a s  th e  s i t e  f o r  
some c a t a l y t i c  d e g r a d a t io n  o f  th e  o l e f i n  w i th  th e  
su b se q u e n t  r e g e n e r a t io n  o f  t h e  s t a r t i n g  m e ta l  complex.
Thermal s t a b i l i t i e s  o f  com plexes o f  P t(P h  P )„  w ith
3 ^
v a r io u s  c y a n o - s u b s t i t u t e d  o l e f i n s  have been  c o r r e l a t e d  w ith  
th e  number o f  cy a n o -g ro u p s  s u b s t i t u t e d  on t h e  o l e f i n .
T ab le  V l i s t s  t h e  th e rm a l  s t a b i l i t i e s  o f  v a r io u s  o l e f i n s  
complexed to  P tC P h ^ F )^  The p re s e n c e  o f  e l e c t r o n - d o n a t i n g  
amine s u b s t i t u e n t s  cau ses  t h e  P t(P h ^ P )2 (d ia m in o m a le o n i t r i l e )  
complex to  be l e s s  th e r m a l ly  s t a b l e
A d e f i n i t e  s t r u c t u r a l  f o rm u la t io n  when d ia m in o ­
m a l e o n i t r i l e  com plexes to  P t ( 0 )  and R h(I)  s u b s t r a t e s  canno t 
be made a t  t h i s  t im e .  The l a c k  o f  r e a c t i v i t y  w ith  V a sk a 's  
compound and a n a lo g o u s  com plexes m ust be  a t t r i b u t e d  to  th e  
p r e s e n c e  o f  th e  e l e c t r o n - d o n a t i n g  am in e-g ro u p s  on th e  o l e f i n .  
O le f in - I rG l(C O )(P h ^ P ) 2 complex s t a b i l i t y  v a r i e s  d i r e c t l y  
w ith  th e  e l e c t r o n  a f f i n i t y  o f  t h e  s u b s t i t u e n t s  on th e  o l e f i n .  
For c y a n o - o l e f in  com plexes o f  t h e s e  m e ta ls  t h e  o r d e r  o f  
s t a b i l i t y  has  b e e n  g iv e n  i n  t h e  o r d e r :  TONS > fumaro*
n i t r i l e  »  a c r y l o n i t r i l e .  Loss o f  e l e c t r o n e g a t i v i t y
TABLE V
Thermal S t a b i l i t i e s  o f  P t (P h ^ P ) 2 ( o l e f i n )  Complexes
O le f in  D ecom position  °C R ef.
TONE 268-270 105
F u m a r o n i t r i l e  208-210 208
D ipheny lm ethy lene  m a l e o n i t r i l e  162-16** 208
C in n a m o n i t r i l e  153-158 208
A c r y l o n i t r i l e  126-129 208
D ia m in o m a le o n i t r i l e  122-12** a
l , l - D ia r o in o - 2 f 2 - d ic y a n o e th y le n e  1 6 5 -1 7 0  a
a  r e f e r s  t o  t h i s  work
1*U
on th e  o l e f i n  e i t h e r  by rem oval o f  e l e c t r o n e g a t i v e  g roups 
o r  by th e  p r e s e n c e  o f  e l e c t r o n - d o n a t i n g  g roups  would be 
ex p ec ted  to  lo w e r  th e  th e rm a l  s t a b i l i t y  o f  th e  com plexes.
The r e a c t i o n s  o f  an  isom er o f  d ia m in o m a le o n i t r i l e ,
1 , l - d ia m in o > 2 ,2 -d ic y a n o e th y le n e ,  w ith  c o o t d i n a t i v e l y  u n ­
s a t u r a t e d  n o b le  m e ta l  s u b s t r a t e s  were s tu d i e d  to  d e te rm in e  
t h e  mode o f  r e a c t i o n ,  i f  a n y ,  and s i m i l a r i t i e s  o r  d i f f e r ­
ences to  i t s  sy m m etr ica l  iso m e r .  The r e a c t i o n  o f  P t (P h ^ P )2~ 
(C2H^) w i th  1 , l - d ia m in o - 2 ,2 - d ic y a n o e th y le n e  i n  benzene a t  
room te m p e r a tu r e  p roduced  a  1 :1  s o l i d  p r o d u c t .  An i n f r a r e d  
sp ec tru m  o f  t h e  o f f - w h i t e  s o l i d ,  F ig u re  19* showed a b s o rp ­
t i o n s  v e ry  s i m i l a r  to  th o s e  o f  th e  d ia m in o m a le o n i t r i l e  
complex w i th  P t(P h ^ F )^ .  The i n f r a r e d  sp e c tru m  o f  th e  
u n c o o rd in a te d  1 , l - d i a m i n o - 2 , 2 - d ic y a n o e th y le n e ,  F ig u re  20, 
when compared to  th e  s p e c tru m  o f  d ia m in o m a le o n i t r i l e ,  F ig u re  
1 5 * shows s i m i l a r  a b s o r p t i o n s  excep t f o r  two bands below 
1635  cm- 1 . The spec trum  o f  th e  s y m m e tr ic a l ly  s u b s t i t u t e d  
o l e f i n  shows a  band a t  1615 cm w h ile  t h e  p o l a r  iso m er has 
a  band a t  1535 cm- ^ . C o o rd in a t io n  o f  1 , l - d i a m i n o - 2 ,2 -  
d ic y a n o e th y le n e  to  th e  B t(P h ^ P )2 m o ie ty  caused  a d e c re a s e  
i n  th e  f re q u e n c y  o f  th e  band  a t  1632 t o  1612 cm- '*’ i n d i c a t i n g  
c o o r d in a t io n  th ro u g h  th e  d o u b le  bond o f  t h e  o l e f i n  to  t h e  
m e ta l .  A n a l y t i c a l  d a t a  f o r  t h i s  o f f - w h i t e  s o l i d  showed 
low p e r c e n ta g e  v a lu e s  f o r  ca rb o n  and n i t r o g e n  compared to  
c a l c u l a t e d  p e r c e n ta g e s  o f  a  1 :1  complex o f  P t(P h ^ P )2 and
FIGURE 19
S e le c t e d  I n f r a r e d  A b s o rp t io n s  o f  th e  P ro d u c t  of th e  
R e a c t io n  o f  P t(C 2H^) (Ph^P)2 w i th
l , l - D ia m in o - 2 ,2 - d ic y a n o e th y le n e  
(N u jo l M ull)
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FIGURE 20
S e le c te d  I n f r a r e d  A b s o rp t io n s  o f
l , l - D . ia m in o - 2 ,2 -d ic y a n o e th y le n e  
(N u jo l M ull)
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1 , l - d i a m in o - 2 ,2 - d i c y a n o e t h y l e n e .  R e c r y s t a l l i z a t i o n  o f  t h i s  
s o l i d  from  b e n z e n e /e th a n o l  gave  a  y e l lo w  s o l i d  w hich a n a l ­
y t i c a l l y  r e v e a l e d  lo w e r  v a lu e s  f o r  c a rb o n  and n i t r o g e n  
p e r c e n t a g e s  th a n  t h e  i n i t i a l l y  i s o l a t e d  p r o d u c t .  No f i r m  
s t r u c t u r a l  p r o p o s a l  w i l l  b e  made a t  t h i s  t im e .
The r e a c t i o n  o f  P tC Ph^P)^ w i th  1 , l - d i a m i n o - 2 , 2 -  
d ic y a n o e th y le n e  i n  b e n z e n e  a t  room te m p e r a tu r e  gave  a  
y e l lo w  s o l i d .  A s i m i l a r  a b s o r p t i o n  p a t t e r n  was found  i n  t h e  
i n f r a r e d  s p e c t r a l  d a t a  f o r  t h i s  p r o d u c t ,  F ig u re  21, a s  was 
i n  t h e  sp e c tru m  o f  t h e  e t h y le n e - p l a t i n u m  complex w i th  t h i s  
o l e f i n .  A n a l y t i c a l  d a t a  showed an  e x t re m e ly  low  p e r c e n ta g e  
o f  c a rb o n  i n  t h i s  s o l i d .  R e c r y s t a l l i z a t i o n  o f  t h e  s o l i d  
from  d ic h lo ro m e th a n e /h e x a n e  g av e  a  s o l i d  w i th  t h e  same 
s p e c t r a l  f e a t u r e s  and t h e  same a n a l y t i c a l  d a t a  w i t h i n  2fj.
R e a c t io n  o c c u r r e d  upon m ix in g  e q u im o la r  amounts 
o f  R hC l(Ph^P)^  w i th  1 , l - d i a m i n o - 2 ,2 - d i c y a n o e t h y l e n e  i n  
b e n z en e  a t  room t e m p e r a tu r e .  Upon a d d i t i o n  o f  h ex a n e , a  
l i g h t  o ra n g e  p r e c i p i t a t e  was i s o l a t e d .  I n f r a r e d  s p e c t r a l  
a b s o r p t i o n s  ( F ig u r e  22) o f  t h e  s o l i d  w ere s i m i l a r  to  th o s e  
o f  t h e  p la t in u m  p h o s p h in e  complex r e p o r t e d  ab o v e . Ana­
l y t i c a l  d a t a  c o r r e s p o n d  t o  a  1*1 com plex o f  RhCl(Ph^P) w i th  
t h e  o l e f i n  p e r c e n t  o f  n i t r o g e n  and h y d ro g en  w hich  a r e  w i t h i n  
l i m i t s  b u t  low c a rb o n  p e r c e n t a g e .  C om parison  o f  t h e  e x p e r i ­
m e n ta l  d a t a  f o r  t h i s  com plex w i th  c a l c u l a t e d  v a l u e s  f o r  
R hC l(Ph^F )2 ( o l e f i n )  r e v e a l e d  c a rb o n  and h y d ro g en  p e r c e n t a g e s  
w h ich  w ere  w i t h i n  O.$fo b u t  t h e  n i t r o g e n  was lo w e r  th a n  t h i s .
FIGURE 21
S e le c te d  I n f r a r e d  A b s o rp t io n s  o f  t h e  P ro d u c t  o f  t h e  
R e a c t io n  o f  P t(P h ^ P )^  w i th
1 , l -D ia m in o -2 ( 2 -d ic y a n o e th y le n e  
(N u jo l M ull)
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FIGURE 22
S e le c te d  I n f r a r e d  A b s o rp t io n s  o f  t h e  P ro d u c t  o f  th e  
R e a c t io n  o f  RhCl(Ph^P)^ w ith  
1»1-D ia m in o - 2 ,2 -d ic y a n o e th y le n e  
(N u jo l Mull)
1^9
I I______
3400 3300 
cm-1
i  I L
2200
CIJT*
L I ■ 
1600 
cm-1
151
A ttem p ted  r e a c t i o n s  o f  MX(CO)(Ph^P)2 [M = I r ;
X = C l ,  Pi M = Rh; X = C l ]  w i th  1 , l - d i a m in o - 2 ,2 - d i c y a n o -  
e th y le n e  g ave  no e v id e n c e  o f  any i n t e r a c t i o n .
A n o th e r  a m i n e - s u b s t i t u t e d  c y a n o - o l e f i n  w i th  w hich 
a t t e m p ts  w ere  made to  d e te rm in e  i t s  r e a c t i v i t y  w i th  t r a n s ­
i t i o n  m e ta ls  o f  low v a le n c e  was l , l - b i s ( d i m e t h y l a m i n o ) - 2 , 2 -  
a i c y a n o e th y le n e .  The r e a c t i o n  o f  R hC l(Ph^P)^ w i th  t h i s  
o l e f i n  i n  d ic h lo ro m e th a n e  a t  room te m p e r a tu r e  p ro d u ced  a  
brown s o l i d .  T h in  l a y e r  ch ro m a to g rap h y  showed t h e  s o l i d  to  
be homogeneous and d i f f e r e n t  from  t h e  r e a c t a n t s  and t r i -  
p h e n y lp h o s p h in e .  Low v a lu e s  f o r  c a rb o n  and n i t r o g e n  p e r ­
c e n ta g e s  w ere  n o te d  when a n a l y t i c a l  d e t e r m in a t io n s  w ere  made 
and compared t o  c a l c u l a t e d  v a lu e s  f o r  R hC lfP hy3) ^  o l e f i n ) . 
F ig u re s  23 and 24- show t h e  i n f r a r e d  s p e c t r a  o f  t h e  o l e f i n  
and t h e  r e a c t i o n  p r o d u c t  w i th  t h e  rh o d iu m (I )  complex r e s p e c t ­
i v e l y .  The brown c r y s t a l s  show a  v e ry  s i m i l a r  p a t t e r n  o f  a  
a b s o r p t i o n s  com pared t o  t h e  p la t in u m  com plexes w i th  d ia m in o ­
m a l e o n i t r i l e  and  1 , l - d i a m i n o - 2 ,2 - d i c y a n o e t h y l e n e .  T here  i s  
some i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  N-H bonds i n  t h e  p r o d u c t  
a s  s e e n  by  a  b ro a d  weak band a t  3430 cm”'1' .
The com plexes PtCCgH^)(Ph3P ) 2 and  I rC l(C O )(P h ^ P jg  
show no r e a c t i v i t y  w i th  l , l - b i s ( d i m e t h y l a m i n o ) - 2 , 2 - d ic y a n o -  
e t h y l e n e  i n  b e n z e n e  a t  room te m p e r a tu r e .  T h is  was co n f irm e d  
by  TLC and t h e  i n f r a r e d  s p e c t r a  o f  t h e  r e c o v e re d  r e a c t a n t s .
The r e a c t i v i t y  o f  t h e s e  a m i n e - s u b s t i t u t e d  cy an o -  
e th y le n e s  was found  t o  b e  c o n s i s t e n t  i n  t h a t  o n ly  t h e
FIGURE 2 3
S e l e c t e d  I n f r a r e d  A b s o rp t io n s  o f
1 , 1 - B i s ( d im e th y la m in o )- 2 , 2 - d ic y a n o e th y le n e
(N u jo l  M ull)
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FIGURE 24
S e le c te d  I n f r a r e d  A b so rp t io n s  o f  t h e  P ro d u c t  o f  t h e  
R e a c t io n  o f  RhCl(Ph^P)^ w ith  
1 f 1 - B i s ( d im e th y la m in o ) - 2 , 2 -d ic y a n o  e h ty le n e
(K u jo l Mull)
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p la tinum (O ) and rh o d iu m (I)  com plexes formed p r o d u c t s .  In  
each r e a c t i o n  th e  most l i k e l y  mode o f  "bonding o f  t h e  o l e f i n  
to  t h e  m e ta l  i s  by co m p lex a tio n  o f  t h e  d o u b le  bond o f  th e  
o l e f i n  to  t h e  m e ta l  atom. A lo w e r in g  o f  th e  a b s o r p t io n  
a t t r i b u t e d  to  t h e  C=C s t r e t c h i n g  v i b r a t i o n  was o b se rv ed  in  
t h e  i n f r a r e d  sp e c tru m  f o r  each r e a c t i o n .  The f a c t  t h a t  no 
p r o d u c t  was ev id en ced  i n  th e  m ix ing  o f  P t(C 2K ^)(P h^P )2 w i th
l , l - b i s ( d i m e t h y l a m i n o ) - 2 ( 2 - d ic y a n o e th y le n e  i s  n o t  u n d e r ­
s to o d  a t  t h i s  t im e .  The p la t in u m  s p e c i e s  i s  ex p ec te d  to  be  
more r e a c t i v e  th a n  th e  rhodium  com plex. The f a c t  t h a t  t h e  
p l a t i n u m - o l e f i n  com plexes were more e a s i l y  c h a r a c t e r i z e d  
th a n  th e  rh o d iu m - o le f in  com plexes a l s o  i n d i c a t e s  t h e  g r e a t e r  
r e a c t i v e  p o t e n t i a l  o f  t h e  rhodium  s p e c i e s .
C. R e a c t io n s  o f  M e ta l - N i t r o s y l  Complexes w i th  T e tra c y a n o -  
e th y le n e
The r e a c t i o n  o f  n i t r o s y l c a r b o n y l b i s ( t r i p h e n y l p h o s -  
p h i n e ) i r i d i u m ( - I )  w i th  e i t h e r  an eq u im o la r  o r  ex c ess  o f  
t e t r a c y a n o e th y l e n e  i n  benzene  a t  room te m p e ra tu r e  p roduced  
a  g re e n  s o l i d  which was shown a n a l y t i c a l l y  to  have a  r a t i o  
o f  2 i l  f o r  t e t r a c y a n o e th y l e n e  to  i r i d iu m .  F ig u re  25 shows 
th e  i n f r a r e d  s p e c t r a l  p a t t e r n  o f  t h i s  s o l i d .  When t h i s  
p ro d u c t  i s  r e c r y s t a l l i z e d  from c h lo r o f o r m /e th a n o l  a n o th e r  
g r e e n  s o l i d  i s  o b ta in e d  w hich shows some d i f f e r e n c e s .
FIGURE 25
S e l e c t e d  I n f r a r e d  A b s o rp t io n s  o f  t h e  P ro d u c t  
o f  t h e  R e a c t io n  o f  Ir(NO) (CO) (Ph-^P)2 w i th  T e tra c y an o  e t h y l  ene 
and t h i s  P ro d u c t  R e c r y s t a l l i z e d  
(N u jo l Mull)
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F ig u re  25 a l s o  shows t h e  i n f r a r e d  s p e c t r a  o f  t h e  r e c r y s t a l ­
l i z e d  p r o d u c t .  A n a l y t i c a l  d a t a  f o r  t h e  r e c r y s t a l l i z e d  s o l i d  
r e v e a l e d  a  1 :1  t e t r a c y a n o e t h y l e n e  to  i r i d i u m  r a t i o .  The 
i n i t i a l  g r e e n  p r o d u c t  shows a t h r e e  band p a t t e r n  i n  t h e  
r a n g e  from  1 5 0 0 -2 3 0 0  cm 1 w i th  bands a t  2 2 2 0 - 2 2 1 0 , 2 1 6 0 , and 
2080 cm The weak bands above 2200 cm ^ a r e  e a s i l y  a t t r i ­
b u te d  to  t h e  c a r b o n - n i t r o g e n  t r i p l e  bond a b s o r p t i o n s  o f  
n i t r i l e s  bonded  t o  ca rb o n  a tom s. The s t r o n g  bond a t  2080 
cnT^ f i t s  i n  v e ry  v /e l l  w i th  t h e  e x p e c te d  p r o d u c t  o f  o x id a ­
t i v e  a d d i t i o n  o f  t h e  i r i d i u m  atom to  I r ( I I I )  c a rb o n  monoxide 
a b s o r p t i o n .  The i n t e r e s t i n g  medium i n t e n s i t y  band a t  2160 
cm- ^ i s  l e s s  e a s i l y  a s s ig n e d .  The r e a c t i o n  o f  IrH (C O )(Fh^P)^  
w i th  t e t r a c y a n o e t h y l e n e  was r e p o r t e d  and p ro d u c e d  a complex
w hich  had a r a t i o  o f  2 :1  f o r  t e t r a c y a n o e t h y l e n e  t o  i r i d i u m
209a n a l y t i c a l l y .  The i n f r a r e d  sp e c tru m  o f  t h i s  complex 
showed a  s i m i l a r  t h r e e  band p a t t e r n  i n  t h e  r a n g e  o f  i n t e r e s t .  
However, a  band  a t  1360  cm- '*' was p r e s e n t  i n  t h e  p r o d u c t  o f  
th e  i r i d i u m  h y d r i d e - t e t r a c y a n o e t h y l e n e  r e a c t i o n  b u t  n o t  
fou n d  i n  t h e  i r i d i u m  n i t r o s y l - t e t r a c y a n o e t h v l e n e  r e a c t i o n
t
p r o d u c t .  A lso  t h e  i n t e n s i t y  o f  t h e  216*4- cirT^band i n  t h e  
i r i d i u m - h y d r i d e - t e t r a c y a n o e t h y l e n e  p r o d u c t  was ju d g ed  to  be 
v e ry  s t r o n g .  F b rm u la t io n  o f  t h e  s t r u c t u r e  o f  t h e  p r o d u c t  
was p ro v e d  t o  be  c o o r d i n a t i o n  o f  one t e t r a c y a n o e t h y l e n e  
m o le c u le  a s  a  tr-bonded  o l e f i n  and c o o r d i n a t i o n  o f  t h e  o t h e r  
t e t r a c y a n o e t h y l e n e  by  a 1 , ^ - a d d i t i o n  o f  t h e  h y d r id e  t o  t h e  
t e t r a c y a n o e t h y l e n e  a t t a c h e d  t o  t h e  m e ta l  a s  a  k e te n im in a to
l6o
l i g a n d .  The bands a t  216^ cm ^ and 1360  cm ^ were a t t r i ­
bu ted  t o  t h e  i ^ =c_c -asymmetric. .• and symm etr ic  a b s o r p t i o n s ,
r e s p e c t i v e l y .  Due to  t h e  d i f f e r e n c e  in  t h e  s t r e n g t h  o f  th e
-1h ig h e r  ene rgy  k e t e n im in a to  a b s o r p t i o n  and t h e  2160 cm 
band i n  t h e  i r i d i u m - n i t r o s y l  p r o d u c t  w i th  t e t r a c y a n o e t h y l e n e  
and t h e  ab sen ce  o f  t h e  low er  k e t e n i m i n a t o  band i n  t h e  
i r i d i u m - n i t r o s y l  p r o d u c t ,  one c a n n o t  s u g g e s t  a  p o s s i b l e  
an a lo g y  t o  th e  i r i d i u m - h y d r i d e  r e a c t i o n  t o  t e t r a c y a n o -  
e t h y l e n e .  The a n a l y t i c a l  d a t a  o f  t h i s  compound a r e  c l o s e s t  
to  an 8 :1  n i t r o g e n  to  i r i d i u m  r a t i o .  I f  two t e t r a c y a n o -  
e t h y l e n e  m o lecu les  a r e  c o n s id e r e d  t o  be bonded ±0 t h e  m e ta l  
then  t h e  n i t r o s y l  l i g a n d  would have  t o  b e  e l im in a t e d .
There i s  no i n f r a r e d  a b s o r p t i o n  which  co u ld  be  e a s i l y  
a s s i g n e d  to  a n i t r o s y l  v i b r a t i o n  w i th  c e r t a i n t y .  No 
s t r u c t u r a l  f o r m u l a t i o n  can be made f o r  t h i s  p r o d u c t  w i th o u t  
f u r t h e r  d a t a .
The r e c r y s t a l l i z e d  p r o d u c t  showed i n f r a r e d  a b s o r p ­
t i o n s  which  i n d i c a t e d  one t e t r a c y a n o e t h y l e n e  m o lecu le  v/as 
bonded a s  a tt- o l e f i n  t o  t h e  m e ta l  atom. A n a l y t i c a l  d a t a  
i n d i c a t e  a  $ t l  r a t i o  o f  n i t r o g e n  to  i r i d i u m  which would 
a l lo w  f o r  t h e  r e t e n t i o n  o f  t h e  n i t r o s y l  l i g a n d  on t h e  m e ta l  
as  t h e  o l e f i n  adds o x i d a t i v e l y .  The a b s o r p t i o n s  a r e  • 
a s s i g n e d  to  i/CN a b s o r p t i o n  a t  2220  cm-1  and i/CQa b s o r p t i o n  
f o r  I r ( I I I )  a t  2080 cm~^. Again  however,  t h e r e  i s  no e a s i l y  
a s s i g n a b l e  band to  a c c o u n t  f o r  t h e  n i t r o s y l  l i g a n d .  Bellamy 
has r e p o r t e d  f o r  o r g a n i c  n i t r o s y l s  t h a t  t h e r e  i s  no a b s o r p ­
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t i o n  f o r  n i t r o s y l  v i b r a t i o n  due t o  t h e  f a c t  t h a t  o r g a n i c
i n i t i a l  p ro d u c t  and t h e  r e c r y s t a l l i s e d  p r o d u c t  g iv e  mol­
e c u l a r  w e ig h t s  which co r re sp o n d  to  monomeric u n i t s .  Both 
p r o d u c t s  a r e  v e ry  s t a b l e  t h e r m a l l y .  A p o s s i b l e  s t r u c t u r e  
f o r  t h e  r e c r y s t a l l i z e d  p r o d u c t  cou ld  be t h e  s i x - c o o r d i n a t e  
I r { I I I )  o x i d a t i v e  a d d i t i o n  p r o d u c t  which would be ana logous  
to  t h e  Y ask a 's  compound p r o d u c t  w i th  t e t r a c y a n o e t h y l e n e .  
S t r u c t u r e  XXI r e p r e s e n t s  t h i s  s p e c u l a t i o n .
0
XXI
The r e a c t i o n  o f  I r (N O )(Ph^P)^  w i t h  t e t r a c y a n o -
e th y l e n e  gave a p u rp le -b ro w n  s o l i d  which was s t a b l e  i n  a i r .
F ig u re  26 shov/s t h e  i n f r a r e d  a b s o r p t i o n s  which  a r e  s e e n  in
-1th e  2300-1500 cm r a n g e .  These a b s o r p t i o n s  a r e  c o n s i s t e n t
w i th  o t h e r  complexes o f  a c t i v a t e d  o l e f i n s  w i th  t h i s  m e ta l
- 1complex. A band a t  2225 cm i s  a t t r i b u t e d  to  th e  n i t r i l e  
v i b r a t i o n  bonded t o  a  ca rbon  atom, and th e  band a t  1615  cm- '*' 
i s  a t t r i b u t e d  to  t h e  n i t r o s y l  l i g a n d .  R e a c t io n  o f  t h i s  
complex w i th  m a le i c  a n h y d r id e  t e t r a f l u o r o  e th y l  ene,
and 5 » 6- t e t r a c h l o r o - l , 2 -benzoqu inone '* '^  produced  
complexes w i th  t h e  fo rm u la  I r ( K O ) ( P h ^ P ) ^ ( o l e f i n ) . I n  each
n i t r o s y l s  d im e r i z e  removing th e  v i b r a t i o n . 210 Both t h e
0
FIGURE 26
S e l e c t e d  I n f r a r e d  A b s o rp t io n s  o f  
I r ( N 0 ) ( P h 3P ) 2 (TCNE)
(Nu'jol Mull)
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o f  t h e s e  com plexes  a n i t r o s y l  a b s o r p t i o n  was a s s i g n e d  a t
1672, 1630, and 1592 cm ^ r e s p e c t i v e l y .  The complex Rh(HO)-
(Ph^P)^ has  b e e n  r e a c t e d  w i t h  t e t r a c y a n o e t h y l e n e  and a
198s i m i l a r  complex was fo rm ed .  The n i t r o s y l  a s s i g n e d
i n f r a r e d  a b s o r p t i o n  was s e e n  a t  I 650  cm"^ f o r  t h e  rhodium
complex. The a n a l y t i c a l  d a t a  f o r  t h e  i r i d i u m  f o r  t h e  
i r i d i u m - n i t r o s y l - t e t r a c y a n o e t h y l e n e  p r o d u c t  was ap p ro x im a­
t e l y  0.26.5 below t h e  0.$fo l i m i t  on t h e  n i t r o g e n  p e r c e n t a g e  
w i t h  t h e  c a rb o n  and hy d ro g en  v a l u e s  w i t h i n  t h e  l i m i t .
M o le c u la r  w e ig h t  d a t a  s u p p o r t  a  monomeric f o r m u l a t i o n .  The 
most c o n s i s t e n t  f o r m u l a t i o n  f o r  t h i s  p r o d u c t  i s  In(M O )(Ph^P)2 ~ 
(TCM2), XXII.  The p ro p o sed  s t r u c t u r a l  f o r m u l a t i o n  i n c l u d e s
0
a b e n t  M-N-0 l i n k a g e  an a lo g o u s  t o  p ro v e n  s q u a r e  p y r a m id a l
n i t r o s y l t r i s ( t r i p h e n y l p h o s p h i n e ) i r i d i u m ( I )  p e r c h l o r o a t e  i n  
d i c h l o r o m e t h a n e  s o l u t i o n .  A d d i t i o n  o f  hexane  p r o d u c e d  a 
d a rk  r e d - p u r p l e  s o l i d .  The i n f r a r e d  s p e c t r a l  a b s o r p t i o n s  o f  
i n t e r e s t  a r e  r e p r o d u c e d  i n  F i g u r e  27* The b ro a d  medium band
XXII
s t r u c t u r e s  1 ^ 5 . 1&7 an  ap i cap n i t r o s y l  l i g a n d .
Excess  t e t r a c y a n o e t h y l e n e  was mixed w i t h  h y d r i d o -
a t  22 2* cm i s  a t t r i b u t e d  t o  c a r b o n - n i t r o g e n  t r i p l e  bond
FIGURE 2 ?
S e l e c t e d  I n f r a r e d  A b s o r p t io n s  o f  t h e  P ro d u c t  
o f  t h e  R e a c t io n  o f  [ i rH (N O )(Ph^P j^ lC lO ^  w i th  
T e t r a c y a n o e th y le n e  
(N ujo l  Mull)
16-5
166
_ i — I i_  _J________ I__
2200 2000 1700 1600
cn r' cm-'
16?
o f  t h e  n i t r i l e  bonded to  a  ca rbon  atom. The band a t  160?
i r i d i u m - n i t r o s y l - p h o s p h i n e  r e a c t i o n  r r o d u c t  above. The
I r - H  a b s o r p t i o n  o f  t h e  r e a c t a n t  complex was obse rved  a t
be  d i f f i c u l t  t o  r a t i o n a l i z e  on o x i d a t i v e  a d d i t i o n  to  t h e  
m e ta l  atom. The a n a l y t i c a l  d a t a  f o r  t h e  new compound show 
v a l u e s  c l o s e  t o  a 1 :1  r a t i o  o f  [irH(NO) (FK.jP) jJC IO ^  to  t e t r a ­
cyano e t h y l  ene.  R e c r y s t a l l i z a t i o n  o f  t h i s  p r o d u c t  from 
d ic h lo ro m e th a n e /h e x a n e  gav e  a b r i g h t  o range  s o l i d  which was 
shown to  be [ i r (O H )(NO)(Ph^P)]C10^ by i n f r a r e d  and a n a l y t i c a l  
d a t a .  S t r u c t u r e  XXIII i s  a  p o s s i b i l i t y  o f  t h e  f o rm u l a t i o n
o f  t h e  r e a c t i o n  p r o d u c t  i f  t h e  I r - H  i s  i n t a c t .
■The r e a c t i o n  o f  I r C l 2 (NO)(Ph^P) 2 was s t i r r e d  w i th  
ex c e s s  t e t r a c y a n o e t h y l e n e  a t  room t e m p e r a tu r e  i n  d i c h l o r o -  
methane s o l u t i o n  and a t  r e f l u x  f o r  1 h r .  No r e a c t i o n
The r e a c t i o n  o f  [ i rC l(N O )(C O )(P h ^P )2 ]BF^ w i th  
t e t r a c y a n o e t h y l e n e  i n  d ic h lo ro m e th a n e  p ro d u ced  a g r e e n  s o l i d
cm' " 1 i s  a t t r i b u t e d  to  t h e  n i t r o s y l  a b s o r p t i o n  as  i n  t h e
weak band a t  2060  cm" 1 i s  n o t  e a s i l y  a s s i g n e d .  The i n i t i a l
2168 cm 1 . A lo w er in g  o f  t h e  I r - H  a b s o r p t i o n  energy  would
/0
XXIII
o c c u r r e d .
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when e t h a n o l  was added .  T h is  s o l i d  showed v e ry  weak a b s o r p ­
t i o n s  i n  t h e  c y a n id e  and I r ( I I I ) - C O  v i b r a t i o n  r e g i o n s .
T here  v;as no a b s o r p t i o n  i n  t h e  1600-1900 cm ran g e  which  
co u ld  be  a  n i t r i l e  a b s o r p t i o n .  A c h lo ro fo rm  s o l u t i o n  o f  th e  
r e a c t a n t s  r e v e a l e d  t h a t  r e a c t i o n  had t a k e n  p l a c e  when 
m o n i to re d  w i t h  i n f r a r e d  s p e c t r o s c o p y .  F i g u r e  28 shows 
a b s o r p t i o n s  o f  i n t e r e s t  from t h e  s o l u t i o n  sp ec t ru m .  The
_T_
s t r o n g  band  a t  1 6 75  cm i s  a t t r i b u t e d  t o  t h e  n i t r o s y l  
l i g a n d  i n  t h e  r e a c t i o n  p r o d u c t  i s  s h i f t e d  down i n  en e rg y  
from t h e  i n i t i a l  m e ta l  complex.  T here  i s  no s t r o n g  a b s o r p ­
t i o n  i n  t h e  2100-2000 r a n g e  a s  was s e e n  i n  t h e  s p e c t r u m  o f  
t h e  i n i t i a l  complex a s s i g n e d  t o  I r ( I I I ) - C 0  v i b r a t i o n  a t  
2065  cm- ^ .  A l l  e f f o r t s  to  i s o l a t e  a s t a b l e  s o l i d  p r o d u c t  
w hich  r e t a i n e d  some o f  t h e s e  i n f r a r e d  a b s o r p t i o n s  were  
u n s u c c e s s f u l .
O th e r  a c t i v a t e d  o l e f i n s  which w ere  t e s t e d  f o r  
r e a c t i v i t y  w i th  i r i d i u m - n i t r o s y l  complexes d id  n o t  p ro c e e d .  
The complex I r (N O )(G O )(F h^P)2 was added t o  f u m a r o n i t r i l e  
and no r e a c t i o n  o c c u r r e d .  I r{N0(Ph^P) was mixed w i th  
f u m a r o n i t r i l e  and c i n n a m o n i t r i l e .  T here  was no r e a c t i o n  i n  
e i t h e r  c a s e .
The r e a c t i o n s  o f  t e t r a c y a n o e t h y l e n e  w i th  v a r i o u s  
i r i d i u m - n i t r o s y l s  y i e l d e d  some i n t e r e s t i n g  p r o d u c t s .  The 
m ost  s t r a i g h t  f o rw a r d  r e a c t i o n  was t h e  I r(N O)(Ph^P)  3 w i th  
t e t r a c y a n o e t h y l e n e  which  y i e l d e d  a complex an a lo g o u s  t o  th e  
com plexes  o f  o t h e r  a c t i v a t e d  o l e f i n s  w i t h  t h i s  complex .  The
FIGURE 28
S e l e c t e d  I n f r a r e d  A b so rp t io n s  o f  t h e  R e ac t io n  S o l u t i o n  
o f  [ l r C l ( N 0 ) ( C 0 ) ( P h 3P ) 2]BF^ 
w i t h  T e t r a c y a n o e th y le n e  
(Chloroform S o l u t i o n )
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v a lu e  o f  t h e  a b s o r p t i o n  a s s ig n e d  to  t h e  n i t r o s y l  v i b r a t i o n  
ca n n o t  be  used  to  comment on th e  d e v i a t i o n  from l i n e a r i t y  o f  
th e  li-N-0 a n g l e .  The o t h e r  complexes which r e a c t e d  w i th  
t h e  c y a n o - o l e f i n  gave p r o d u c t s  which a r e  n o t  y e t  u n d e r ­
s to o d .  The f a t e  o f  t h e  n i t r o s y l  i n  t h e  I r(NO)(GO)(Ph^P)2 ~ 
t e t r a c y a n o e t h y l e n e  r e a c t i o n  p r o d u c t s  d e s e r v e s  s t r u c t u r a l  
s tu d y .  The r e a c t i o n s  o f  JjlrH(NO) (PhyP) ^]C10^ and £ l rC l(N O )-  
(CO)(Ph^PjglBP^ w i th  t e t r a c y a n o e t h y l e n e  p roduced  p r o d u c t s  
which cou ld  n o t  be  i s o l a t e d .  The f a c t  t h a t  o n ly  t h e  t e t r a ­
cyano-  s u b s t i t u t e d  o l e f i n  r e a c t e d  w i th  t h e  i r i d i u m  n i t r o s y l s  
t e s t e d  i n d i c a t e s  t h e  lo w er  r e a c t i v i t y  o f  t h e  o l e f i n s  w i th  
few er  e l e c t r o n - w i t h d r a w i n g  n i t r i l e s  a t t a c h e d .
I n  comparing t h e  r e a c t i o n s  o f  m e ta l  n i t r o s y l s  
w i th  t e t r a c y a n o e t h y l e n e  to  t h e  r e a c t i o n s  o f  m e ta l  c a rb o n y l s  
w i th  t e t r a c y a n o e t h y l e n e  t h e  most d i r e c t  com parison  o f
r e a c t i v i t y  would be  to  c o n s i d e r  t h e  comnlexes I rC l(C O )(P h  P ) ?
3 ^
and [ i r G l ( K O ) ( P h ^ ) 2]C10^ w i th  t e t r a c y a n o e t h y l e n e .  Both
m e ta l  complexes form I r ( m )  s i x - c o o r d i n a t e  o x i d a t i v e  add-
1 9 9  l&ii-l t i o n  p r o d u c t s  w i th  t e t r a c y a n o e t h y l e n e .  ^ R e a c t io n s
were a t t e m p te d  w i th  b o th  t h e  i r i d i u m - c a r b o n y l  and t h e  
i r i d i u m - n i t r o s y l  complexes w i th  f u m a r o n i t r i l e .  The c a rb o n y l  
complex r e a c t e d  to  form a  s t a b l e  complex w h i le  t h e  n i t r o s y l  
complex d id  n o t  r e a c t  w i th  t h i s  l e s s  a c t i v a t e d  o l e f i n .
A n o th e r  example o f  t h e  lo w er  r e a c t i v i t y  o f  i r i d i u m  n i t r o s y l  
complexes compared w i th  i r i d i u m  c a rb o n y l  complexes i s  t h e  
complexes I rH(CO)(Ph^P)^ and [ irH(NO)(Ph^P)^]C10^ w i t h
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■ te t r a c y a n o e th y l e n e .  The c a r b o n y l  complex r e a c t s  w i t h  two
m o le c u l e s  o f  t e t r a c y a n o e t h y l e n e  when r e a c t e d  w i t h  e x c e s s  
209o l e f i n ,  w h i l e  t h e  n i t r o s y l  r e a c t e d  w i t h  on ly  one  m o le cu le  
o f  t h e  o l e f i n .  A n o th e r  d i f f e r e n c e  i n  t h e  e f f e c t  01 r e a c t i o n  
o f  m e ta l  n i t r o s y l s  and  m e t a l  c a r b o n y l s  i s  th e  e f f e c t  
o x i d a t i v e  a d d i t i o n ,  f o r  exam ple ,  h a s  on t h e  v i b r a t i o n s  o f  
t h e  l i g a n d s .  The com plexes  IrC l(GO) (Ph^I’) 2 r e a c t s  w i th  
t e t r a c y a n o  e t h y l e n e  and t h e  i>co a b s o r p t i o n  i n c r e a s e s  i n  
e n e rg y ,  w h ereas  t h e  a n a lo g o u s  n i t r o s y l  complex,  L l r C l ( h O ) -
(Ph^P) gjClO^ r e a c t s  w i t h  t e t r a c y a n o  e t h y l  ene and t h e  i^.q
1 9 9  1 ^  a b s o r p t i o n  d e c r e a s e s .  77
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